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ABSTRACT 
 This work extends the methods of paleomagnetism and rock magnetic 
cyclostratigraphy to aspects of North American paleogeography, Appalachian foreland 
basin history, stratigraphic correlation of Precambrian strata, and orbitally forced 
cyclicity of sedimentation in the Paleozoic and Neoproterozoic. Paleomagnetic study of 
the Marcellus Formation, sampled in the subsurface by drill core, demonstrates evidence 
of a primary Devonian magnetization. This result is critical given that most Appalachian 
basin sediments appear to have had their magnetizations overprinted in the Permian, 
leaving a gap in the history of the geomagnetic field, and the apparent polar wander path 
for Laurentia during the Devonian. Rock magnetic cyclostratigraphy of the Marcellus 
Formation, constrained by calibrated biostratigraphy, demonstrates encoding of 
precession scale orbital cycles in the rock magnetic properties of this organic rich, 
monolithologic basinal shale. We suggest the signal may arise from dilution of clastic 
input by variable production and burial of organic carbon. 
 Paleomagnetic, rock magnetic, and carbon isotope stratigraphies of the Ediacaran 
aged Johnnie Formation (Death Valley, USA) and the Wonoka Formation (Flinders 
Ranges, Australia) provide a robust chronostratigraphic framework for the Shuram 
carbon isotope excursion (SE). Competing hypotheses suggest the SE is either a major 
global ocean oxidation event preceding the evolution of metazoan life, or the product of 
diagenetic alteration of globally distributed sediments. Magnetostratigraphy shows the 
nadir of the excursion to be synchronous between the Death Valley and Australia 
locations, and an astrochronology gives a duration of approximately 9 Myr for each 
expression of the excursion. The geochronologic consistency of the excursion between 
  2 
these two localities makes a diagenetic source unlikely. The duration of the 13C depleted 
strata can be used to obtain a more robust estimate of the necessary dissolved organic 
carbon pool and amount of oxidants in the Ediacaran ocean-atmosphere system necessary 
to explain the Shuram Excursion. 
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Preface 
 There are few geologic phenomena with the geographic and temporal reach of 
Earth’s magnetic field. Evidence suggests that Earth’s field has existed and been 
dominantly dipolar (having a north and south geographic pole) since at least 2.5 billion 
years ago. Rocks formed since Earth’s early eras have recorded characteristics of the field 
that allow the continents to be tracked through time and temporal correlations to be 
established between geologic formations separated by great distances. The study of 
Earth’s magnetic field through geologic history, and how it is recorded in Earth materials 
is known as paleomagnetism, and the chapters of this dissertation will demonstrate its 
application to geologic questions stemming from events deep in Earth’s history. 
 Another potentially pervasive geologic phenomenon is the long-term influence of 
oscillations in Earth’s Orbit on climate, and the recording of the resulting climate 
oscillations in the sedimentary record. Perhaps most famously, the sedimentary record of 
Earth’s ice volume over the last several million years (encoded in oxygen isotopes of 
marine sediments) shows an excellent correspondence with changes in the distribution 
and amount of solar insolation incident on the Earth caused by these orbital cycles. 
Various sedimentological manifestations of the orbital forcing of climate have been used 
to establish time scales for geologic events, including the history of geomagnetic 
reversals (known as the geomagnetic polarity time scale, or GPTS for short), at least as 
far back as 250 million years ago.  
 Orbitally forced oscillations in climate are recognized in the geologic record using 
the tools of cyclostratigraphy. Stratigraphic cycles of some property (e.g., percentage 
carbonate) are tested for statistical significance and a particular organization of their 
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frequencies that indicate orbital forcing. A cyclostratigraphy may yield an 
“astrochronology”, or an estimate of stratigraphic time based on the periods of the orbital 
cycles represented in the stratigraphy. Cyclostratigraphy can be a good compliment to 
magnetic reversal stratigraphy (the history of geomagnetic reversals recorded by a 
particular formation) as a means for establishing a robust chronologic framework for a 
geologic formation. In the studies presented here, we use measurements of the relative 
concentration of magnetic minerals as a basis for cyclostratigraphy. Magnetic mineral 
concentrations can serve as a proxy for the climate-driven terrestrial or eolian 
contribution to otherwise weakly magnetic carbonate sediments. 
 The studies presented here identify two outstanding geologic questions that lend 
themselves to paleomagnetic and cyclostratigraphic study. First, many sediments 
deposited on ancestral North America during the Devonian Period (~420-360 million 
years ago) have had their magnetizations reset during an episode of basin wide fluid 
migration, much later in Earth’s history (during the Permian period, 300-250 Ma). It is 
not uncommon that rocks are altered post deposition, and their paleomagnetic signal 
partially overprinted or lost. However, this overprinting event is so pervasive, that for the 
Devonian period there is no suitable paleomagnetic constraints on the position of 
Laurentia (the proto-North American continent), or the time line of geomagnetic reversals 
(the GPTS) for the period. Historically studies of Devonian rocks from North America 
have been limited to surface outcrops, many of which are carbonates and sandstones. 
However, economic interest in the Marcellus Shale (a formation of Devonian age), has 
yielded multiple subterranean drill cores available for paleomagnetic study. We present 
paleomagnetic results from the Marcellus Formation, derived from a subterranean drill 
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core, that demonstrate evidence of primary Devonian magnetizations. This study offers a 
first look at the magnetic properties of the Marcellus Formation sampled at depth, and 
indicates a potentially fruitful endeavor in the study of Appalachian basin shales as a 
repository of Paleozoic paleomagnetic data. We also append to this study a “rock 
magnetic cyclostratigraphy” of the Marcellus Formation, which offers a look at the 
preservation of orbital-scale cycles in basinal shales from the Devonian. 
 The second geologic question examined in this dissertation emanates from 
globally distributed Ediacaran aged (635-541 Ma) carbonate stratigraphy, which records 
the largest ever observed perturbation to the stratigraphic record of carbon isotope ratios. 
Primary carbon isotope ratios represent the state of the carbon cycle. Large negative 
excursions tend to coincide with extinctions, as they signal a failure of biota in shallow 
marine waters to fix and bury light carbon (12C). But during the Ediacaran there was little 
fauna to die off, and an increase in biological diversity appears contemporaneous with, 
and continues after this large negative perturbation, which is known as the Shuram 
Excursion. Some have argued that the Shuram Excursion could represent oxygenation of 
Earth’s oceans and atmosphere, with a consequent oxidation of a dissolved pool of  12C 
enriched carbon that in turn made its way into carbonate sediments forming at the time. 
This oxidation event may have removed an environmental barrier to the evolution of 
animals with large body plans and high oxygen requirements. But others argue the 
excursion may represent post depositional alteration of the sediments that record it, and 
that the concomitant increase in diversity is simply the result of evolutionary mechanisms 
already in motion. The synchroneity of the excursion at its various geographical 
expressions is seen as a key test of its primary nature, and the duration of the excursion 
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places limits on the mechanisms that could have caused it. Since geomagnetic reversals 
are globally synchronous events, reversal stratigraphies through multiple expressions of 
the excursion offer a test of its synchroneity. Rock magnetic cyclostratigraphy of these 
sections has the potential to yield an astrochronology of the excursion, and therefore 
inform the biogeochemical models employed to understand the excursion’s origin. 
 To our knowledge, these studies comprise the first attempt to use rock magnetic 
cyclostratigraphy to yield an astrochronology for sediments formed during the Paleozoic 
and Neoproterozoic. One reason for this is that there is tremendous uncertainty in the 
duration of some of  Earth’s orbital parameters beyond 50 Ma. The duration of Earth’s 
orbital cycles are estimated using physics based models of the solar system that begin 
with the best available measurements of the positions of the objects in the solar system 
(known as an ephemeris). The uncertainties in these measurements yield results with 
tremendous uncertainty in the higher frequency orbital terms (obliquity and precession). 
The longer frequency term (long eccentricity) is stable to at least 250 Ma, and potentially 
beyond. The latter two chapters of this dissertation demonstrate cycles in rock magnetic 
properties at the appropriate frequency ratios for the two terms of eccentricity (chapter 3) 
and the best available estimates of the obliquity and precession terms (chapters 2 and 3) 
calculated at 500 Ma.  Thus we demonstrate evidence of orbitally forced stratigraphy as 
old as the Ediacaran, and that previous estimates of the duration of the high frequency 
cycles reasonably match the observed frequencies in the sedimentary record. The 
consistency of our results between multiple wide spread geographic locations suggests 
that reliable astrochronologies may be determined for rocks as old as the Ediacaran. 
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CHAPTER 1 
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ABSTRACT 
  This study presents paleomagnetic results from the Oatka Creek Member of the 
Marcellus Formation. The Oatka creek member was sampled at depth from a 50.8 mm 
drill core obtained near the town of Sunbury, in the Valley and Ridge physiographic 
province of Pennsylvania. Core orientation was achieved by aligning bedding in the core 
with bedding in the overlying outcrop, and refined by comparison of characteristic 
magnetizations from samples with those from a previous paleomagnetic study of the 
Marcellus Formation (Manning and Elmore, 2012). 461 specimens were drilled from 120 
meters of stratigraphic thickness, and stepwise demagnetized using alternating field (AF) 
techniques, which demonstrate multiple components of magnetization. The lowest 
coercivity component, “Component A”, is removed by AF fields of 20 mT, is ubiquitous 
throughout the core, and points west and steeply down (radially towards the core center) 
in geographic coordinates, and demonstrates similar stability to AF demagnetization as an 
isothermal remanence (IRM) applied in the laboratory.  We conclude this component is 
likely a drilling induced remanence (DIR). “Component B” is isolated using AF fields 
between 20 and 50 mT in the top 100 meters of the core, and points south and 
intermediate down in geographic coordinates. “Component C” is isolated using AF fields 
between 50 and 100 mT throughout the core, and points south and shallow down in 
geographic coordinates. “Component D” is isolated between 20 and 100 mT, is confined 
to the bottom 20 meters of the core, and points north and shallow down in geographic 
coordinates.  The bottom 20 m of the core show evidence of significant hydrothermal 
alteration. 
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 Scanning electron microscopy, energy dispersive spectroscopy, and rock magnetic 
experiments demonstrate the top 100 meters of the core contain a mixed population of 
iron sulfides (pyrrhotite) and iron oxides (magnetite), where as the bottom 20 meters of 
the core contains only iron sulfides. We conclude that the “component B” directions, 
present only in the upper 100 meters, is a detrital remanent magnetization carried by 
magnetite, based on grain textures observed in SEM and rock magnetic experiments. We 
correct these directions for inclination shallowing using the E/I method, and calculate a 
paleopole of lat. 29.4°, long. 116.9°, A95 = 1.3°, at 388-389 Ma, which supports the APW 
path of Van der Voo (1990) for Laurentia. The paleopole presented here does not support 
the more recent path of Cocks and Torsvik (2012) which is interpolated between the 
Silurian and Carboniferous paleopoles. We conclude the “Component C” direction is a 
chemical remanent magnetization obtained in the Permian during maximum burial 
temperature conditions, which may have catalyzed pyrrhotite formation. We conclude the 
“Component D” directions are a chemical remanence obtained during a pulse of 
hydrothermal alteration of the bottom portion of the Oatka Creek Member, 
contemporaneous with other thermal events in the region ca. 180 Ma. 
  10 
1. Introduction 
 Over the last several decades, paleomagnetists have shown that sediments from 
the Appalachian foreland basin, especially carbonates, commonly contain a Late 
Paleozoic secondary magnetization. This secondary magnetization is often attributed to 
basin-wide fluid migration and magnetite authigenesis in the Permian (Irving and Strong, 
1985; McCabe and Elmore, 1989; McCabe et al., 1989), and has been useful in 
constraining the spatio-temporal pattern of Alleghanian deformation (eg. Stamatakos et 
al., 1996). It is less common that paleomagnetists find primary magnetic directions 
preserved in the Appalachian foreland. This is particularly true for the Devonian system, 
with the exception of the heavily relied upon results from the Catskill Formation (Miller 
and Kent, 1986). As a result, workers determining the apparent polar wander (APW) path 
for North America have either interpolated the path between the Early Devonian and 
Early Carboniferous (Cocks and Torsvik, 2011), or used results with broad uncertainties 
in the age of the magnetizations for the Devonian portion of the path (Van der Voo, 
1990). Thus a robust Devonian paleopole would be a valuable contribution to the North 
American APW path. 
 Recently, Manning and Elmore (2012) have shown that the Union Springs 
Member of the Middle Devonian Marcellus Formation also contains the typical Permian 
secondary magnetization found in Appalachian foreland rocks. Samples in their study 
were drilled from outcrops in the Valley and Ridge physiographic province of 
Pennsylvania, on the south limb of the Pennsylvania salient. Thermal demagnetization of 
specimens reveals two components of magnetization: an intermediate component that 
unblocks between 310 and 350 °C, and a characteristic component isolated between 
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temperatures of 350 and 480 °C. The two components have very subtle differences in 
direction, both yielding Upper Permian paleomagnetic poles.  Their samples demonstrate 
the Verwey and Besnus transitions indicating magnetite and pyrrhotite are the remanence 
carriers. No magnetizations of apparent Devonian age were recovered. Their observations 
suggest that pyrrhotite formed and 
acquired a chemical remanence 
during late sulfate diagenesis 
nearly contemporaneously, if not 
contemporaneous with magnetite 
authigenesis in the Permian in the 
Union Springs Member. 
 In our study, we show that 
the magnetization of the overlying 
Oatka Creek Member of the 
Marcellus Formation, sampled in 
the subsurface by drill core on the 
north limb of the Pennsylvania 
salient in the Valley and Ridge 
physiographic province, retains 
multiple components of 
magnetization, isolated using 
alternating field demagnetization. 
One of these components has an 
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apparent Middle Devonian direction, and may help constrain the Middle Paleozoic APW 
path for North America. The other components indicate multiple phases of iron sulfide 
authigenesis, and characterize a drilling induced remanence.  
 
2. Geologic Setting 
 The Valley and Ridge province of Pennsylvania is composed of sediments shed 
off the ancient Appalachian Mountains as they formed in a series of orogenies spanning 
the Late Ordovician to Early Permian (reviewed by Faill, 1997). During the Acadian 
orogeny, the Oatka Creek member of the Marcellus Formation was deposited as the 
basinal shale equivalent of the Catskill Delta complex, under anoxic-sulfidic conditions 
(Werne et al., 2002; Lash and Engelder, 2011). Anoxic-sulfidic conditions promote the 
formation and preservation of iron sulfide remanence carriers like pyrrhotite (Fe1-xS) and 
greigite (Fe3S4) at the expense of iron oxides like magnetite (Fe3O4) (Horng and Roberts, 
2006; Rowan et al., 2009). Radiometrically calibrated biostratigraphy gives an age range 
of 388-389 Ma for the Oatka Creek Member in the northwest Appalachian foreland (Brett 
et al., 2011; Kaufman 2006).  
 Major deformation of the Appalachian foreland was caused by compressional 
forces active during the Alleghany orogeny. Stamatakos et al. (1996) demonstrate that 
secondary remagnetization of Appalachian basin sediments occurred relatively quickly in 
the later half of the Permian compared to the propagation of folds through the basin. 
Permian paleomagnetic directions appear to postdate folding near the hinterland margin, 
be synfolding in the central part of the Valley and Ridge, and predate folding towards the 
Appalachian Plateau. The rocks collected for this study were recovered from an area that 
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closely neighbors rocks with synfolding Permian magnetizations to the east, and 
prefolding Permian magnetizations to the west (Figure 1, and Figure 5 from Stamatakos 
et al, 1996). The bend in the Appalachians known as the Pennsylvania Salient predates 
the episode of Permian remagnetization, as paleomagnetic directions of Permian age are 
statistically indistinguishable on either the north or south limb of the salient (Stamatakos 
and Hirt, 1994), and appears to mostly affect the magnetization of Cambro-Ordivician 
rocks (Cederquist et al., 2006). Thus we do not expect rotation of our results from the 
Marcellus Formation on the north limb of the salient relative to those from the Marcellus 
Formation on the south limb from Manning and Elmore (2012). 
 
3. Methods 
 To sample the Marcellus Formation in the subsurface, an AX 50.8 mm vertical 
drill core was extracted near Sunbury Pennsylvania, (Figure 1 A). Orientation was 
achieved by aligning bedding observed in the core parallel to bedding observed in the 
surface outcrop (dip angle and dip azimuth = 30°, 167°). The core was sawed lengthwise 
in half along dip direction (Figure 1 B & C) and 25 mm diameter paleomagnetic samples 
were drilled from the core perpendicular to dip direction (drill azimuth in geographic 
coordinates = 257°, 0°). After correction for bedding dip, the core spans 120.2 meters of 
stratigraphic section from the top of the Purcell carbonate unit to the top of the Oatka 
Creek Member (Bottom of the Mahantango Formation). 
 Samples for preliminary paleomagnetic measurements were split into two batches. 
The first batch was stepwise thermally demagnetized in an ASC thermal demagnetizer 
(25 °C steps from 100 to 300 °C, then 20 °C to 580 °C). The second batch was stepwise 
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demagnetized with an alternating field (5 mT steps from 0 to 50 mT, and 10 mT steps 
from 50 to 110 mT). Measurements of remanence and alternating field (AF) 
demagnetization were performed using a 2G Enterprises 755 superconducting rock 
magnetometer. The AF procedure isolated components of magnetization more 
consistently than the thermal demagnetization procedure, which often resulted in 
acquisition of strong magnetizations that obscured demagnetization of the NRM (likely 
due to oxidation of iron sulfides). The remaining samples were demagnetized following 
the AF procedure (N=461). Components of remanent magnetization were obtained by 
principal component analysis of vector endpoint diagrams (Kirschvink, 1980). Non 
curved portions of demagnetization paths defined by three or more points, and maximum 
angular deviation (MAD) values less than 15°, were fit. Coercivity analysis was 
performed using the results of acquisition of isothermal remanent magnetization (IRM) 
using an ASC impulse magnetizer, following the routine of Kruiver et al. (2001). 
 To identify the magnetic minerals present in our samples, SEM and EDS analysis 
of microprobe polished thin sections was performed using a Hitachi TM-1000 tabletop 
scanning electron microscope. Results from this instrument do not include estimates of 
oxygen abundance and are semi-quantitative.  However, iron and sulfur abundances are 
available, and known specimens of pyrrhotite and pyrite were easily distinguishable using 
EDS. To determine the unblocking temperatures associated with components of 
magnetization isolated over separate coercivity ranges, orthogonal IRMs were imparted 
to a subset of samples (1000 mT along the Z axis, 200 mT along the X axis, 45 mT along 
the Y axis and stepwise thermally demagnetized (Lowrie, 1990).  
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 To determine if the natural remanence carried by iron sulfides and iron-oxides 
was separable, a subset of samples was partially thermally demagnetized to 100˚C, and 
150˚C, and in 20 °C steps from 200 to 320 °C. This regime should completely 
demagnetize pyrrhotite and nearly completely remove any remanence carried by greigite 
if present (unblocking temperatures are near 320 and ~322 °C respectively, (Dekkers 
1989, Roberts 1995)) while minimizing unstable thermal demagnetization behavior, 
which we typically observed in samples at temperature steps above 300 °C. The 
magnetization remaining after thermal treatment to 320 °C, ideally dominated by iron 
oxides, was removed following the AF demagnetization procedure already described. 
 To test the hypothesis that paleomagnetic directions were contaminated with a 
drilling induced remanence (DIR), natural and laboratory remanences were compared 
between subsamples near the exterior and interior of the drill string following Audunsson 
and Levi (1989). Audunsson and Levi (1989) showed that the drilling remanence in their 
drill core was strongest in samples towards the exterior of the core, pointed radially 
inward towards the core center, and had similar stability to AF demagnetization as a 10 
mT IRM. Additional paleomagnetic specimens in this study were subsampled by cutting 
the specimen in half, with one half towards the exterior of the drill core (towards the 
cutting surface) and the other towards the interior (12.5 mm width, Figure 1 C).  NRM 
directions and intensities are compared to determine if the exterior samples match the 
expected pattern of higher intensity and a radially inward direction (west and steep in 
geographic coordinates is radially in for our samples) predicted by the observations of 
Audunsson and Levi (1989). We also impart the subsamples, and a subset of complete 
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specimens with 5, 15, and 25 mT IRMs that are subsequently demagnetized in alternating 
fields in 5 mT steps, to compare the stability of the IRM with the natural remanence. 
 
Group mT N Geo Dec ° Geo Inc ° Strat Dec ° Strat Inc ° K α95 ° 
Comp. 
A 
0-20 326 225.9 78.4   18.9 1.8 
Comp. 
B 
20-50 237 185.2 54.0 178.7 
(178.6) 
24.9 (33.1) 42.1 
(35.6) 
1.4 
(1.6) 
Comp. 
C 
50-100 75 181.7 19.0 181.1 -10.1 13.5 4.6 
Comp. 
D 
20-100 29 358.7 33.2 8.3 62.1 19.5 6.2 
Table 1, Mean paleomagnetic directions: Mean paleomagnetic directions for the 
components of magnetization from the Oatka Creek Member of the Marcellus Formation. 
Values in parenthesis are for directions calculated using an inclination shallowing 
correction of f=0.7 (E/I method, Tauxe and Kent 2004). “Geo” and Strat” indicate 
geographic and stratigraphic coordinates, k is the clustering parameter and α95 is the 95% 
confidence ellipse about the mean direction. 
 
4. Results 
4.1 Thermal demagnetization 
 Thermal demagnetization of samples from the upper 100 meters of the core 
typically yield two components of magnetization. The first component is isolated 
between 100 and 275 °C and points west and intermediate to steeply down in geographic 
coordinates. The second component is isolated between temperatures of 300˚C and up to 
360 °C, and points south and flat in geographic coordinates (Figure 2 A). NRM 
intensities increase slightly between 225˚C and 250 °C temperature steps, and increase 
dramatically at steps of 360 °C or greater, obscuring the demagnetization of the rest of 
the NRM, for this reason only a small number of specimens were thermally demagnetized 
(N = 9). 
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 Thermal demagnetization of samples from the bottom 20 meters of the core, 
which are heavily intruded with quartz and calcite veins, could yield up to three 
components of magnetization (Figure 2B). The first component is isolated between 100 
˚C and 175 °C, and points west and intermediate to steeply down in geographic 
coordinates. The second component is isolated between 225˚C and 275 °C, and points 
north and intermediate down in geographic coordinates, and the third component points 
south and shallow down in geographic coordinates, and trends into the origin. NRM 
intensity is relatively stable to thermal demagnetization in samples from the bottom of the 
core.  
4.2 AF demagnetization 
 Alternating field demagnetization of samples from the top 100 meters of the core 
typically isolate three components of magnetization (Table 1, Figures 3 & 5). The lowest 
coercivity component (Component A) is isolated by fields between 0 and up to 20 mT 
and points west and steeply down in geographic coordinates (Figure 3A & B). The 
intermediate coercivity component (Component B) is isolated between fields of 20 and 
up to 50 mT, and points south and intermediate down in geographic coordinates. The 
highest coercivity component (Component C) is isolated between fields of 50 and 100 
mT, and points south and shallow in geographic coordinates. 
 AF demagnetization of specimens from the bottom 20 meters of the core typically 
yield two components of magnetization. All specimens yield the Component A direction 
isolated by AF fields up to 20 mT. Some specimens yield the Component C direction 
isolated by AF fields between 20 and 100 mT. The remaining specimens yield a new 
component of magnetization, which points north and down in geographic coordinates, is 
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isolated by fields between 20 and 100 mT, and trends into the origin. In some cases AF 
fields as high as 110 mT were unable to completely remove this magnetization 
(Component D, Figure 4). 
 
 
  20 
4.3 Mixed thermal-AF demagnetization 
 Four samples were demagnetized by a mixed thermal-AF demagnetization 
procedure. Of those four, two yield stable demagnetization behavior (Figure 6). In both 
cases thermal demagnetization up to temperatures of 300 °C isolated a south and steeply 
down component. Magnetization increased at the 320 °C step, but the increase in moment 
was removed by a 10 mT AF field. Subsequent AF demagnetization in one sample 
removed a south and intermediate down direction between 20 and 45 mT and a south and 
near flat direction between 50 and 90 mT (Figure 6 A). The other sample yields a west 
and intermediate down direction between 10 and 20 mT, and a south and flat direction 
between 25 and 50 mT, at which point the sample was completely demagnetized. 
 
 
  21 
4.4 Drilling Remanence Experiment 
 NRM intensities of exterior subsamples are roughly twice as high as those taken 
from the interior of the core (Figure 7). Both subsamples could yield a west and steeply 
down direction in geographic coordinates over AF demagnetization steps between 0 to 20 
mT (Figure 8); however, the exterior samples do this much more consistently, and the 
directions cluster well (Figure 9A). Components isolated between 20 and 50 mT from 
interior and exterior subsamples point south and intermediate down in geographic 
coordinates, and are indistinguishable from each other (Figure 9B).  Components isolated 
between 50 and 100 mT point south in both cases, but samples from the exterior of the 
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core tend to be steeper (Figure 9C); however, only three samples of nine analyzed yield 
this high coercivity component. 
 Exterior subsamples have NRM stabilities that closely resemble the stability of a 
25mT IRM over AF fields up to 15 to 20 mT (Figure 8C). NRM stability of interior 
subsamples are not similar to any of the IRM fields used (Figure 8D). Whole 
paleomagnetic specimens have NRM stability to AF demagnetization that resembles the 
exterior subsamples, with normalized intensities for NRMs and IRMs decaying equally 
up to fields between 15 to 20 mT, at which point the decay paths depart (Figure 3 C and 
D). 
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4.5 Thermal demagnetization of orthogonal IRMs (Lowrie test) 
 We imparted orthogonal IRMs to samples from both the bottom 20 meters and 
upper 100 meters of the drill core, and thermally demagnetized them in 20˚C steps 
between 200˚C and 320 °C, then at 350 °C, and in 50 °C steps up to 500 °C then at 530˚, 
560˚, and 580 °C. Samples from the upper part of the core demonstrate a distinct drop in 
the Z axis component (1000 mT) between 280˚C and 320 °C (Figure 10 A). The lower 
coercivity components (200 mT, and 45 mT), gradually decrease in intensity up to 500 
°C, at which point the magnetization of the samples increase. Samples from the bottom of 
the core show a distinct drop in magnetization at 260 °C in the Z axis component (1000 
mT) (Figure 10 B). The X axis component (200 mT) gradually decays over temperatures 
up to 450 °C, and the low coercivity component stabilizes between 200 and 320 °C, then 
gradually decays up to temperatures of 450 °C. These samples are essentially completely 
demagnetized by 450 °C and do not exhibit increases in magnetization at higher 
temperature steps. 
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4.6 Coercivity analysis 
 Forward modeling of IRM acquisition curves demonstrates that the magnetic 
behavior of samples from the upper 100 meters can be accounted for by two populations 
of magnetic minerals with mean coercivities of 52.5 and 177.8 mT (Figure 11, Table 2). 
The coercivity spectra of these modeled populations partially overlap, and the lower 
coercivity mineral dominates the remanence acquisition. 
 
4.7 SEM and EDS 
 Basic petrographic observations of polished thin sections revealed opaque, 
euhedral minerals cross cutting calcite rich microfossils. SEM observations of these 
grains reveal them to be iron sulfides, with elemental abundances similar to pyrrhotite 
(Figure 12 A & B). Framboid structures were commonly observed with EDS spectrum 
that were equivocal between pyrite and greigite (Figure 12 B & C). Non-sulfur-bearing 
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iron grains (iron oxides) were commonly observed within sedimentary structures 
resembling clay floccules (edge-face contacts of clay particles). The grains themselves 
are on the order of 2 µm and are not euhedral (Figure 12 D, E, & F). 
 
5. Discussion 
5.1 Carriers of Magnetic 
Remanence 
 Lowrie tests from the top 
100 and bottom 20 meters of the 
core clearly demonstrate two 
distinct mixtures of magnetic 
minerals. The upper part of the core 
contains a relatively high coercivity 
mineral (200 mT or higher) that is 
stable to thermal demagnetization 
up to 260 °C, then rapidly decays 
away by 320 °C. Subsequent 
thermal demagnetization steps at 
500 °C result in an increase in the 
sample’s magnetization. This 
behavior is consistent with thermal 
decay of sediments containing 
natural pyrrhotite (Torii et al., 1996), which oxidizes at high temperatures resulting in an 
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increase in magnetization. Pyrrhotite is also the only remanence carrying iron sulfide 
with potentially very high coercivites (up to 1 T, Lowrie 1990), and so we conclude 
pyrrhotite is an important low temperature, but relatively high coercivity remanence 
carrier in this part of the core. The lower coercivity components from the upper part of 
the core gradually decay until 450 °C, and stabilize through 560 °C at which point the 
demagnetization behavior is obscured by the aforementioned continuing increase in 
magnetization intensity of the sample. Magnetite is likely the remanence carrier of the 
lower coercivity, higher unblocking temperature magnetization. Although the SEM and 
EDS give only qualitative results, it is evident that there are abundant iron sulfides 
(Figure 12 A-C) and occasional iron oxides (Figure 12 D-F). The cross cutting relations 
of the iron sulfides suggest they are secondary in nature, where as the sharp contacts 
between iron oxide grain boundaries and other clastic particles, relatively large grain size 
(~2 mm), and amorphous crystal shapes suggest they are detrital, rather than authigenic. 
We speculate these grains may have been armored against reduction diagenesis by the 
clay floccules they inhabit. Alternatively, or simultaneously, the abundant organic matter 
in the Marcellus suggest possible sulfate limitations on bacterially mediated pathways of 
hydrogen sulfide production, which would in turn limit the conversion of iron oxide 
minerals to iron sulfide minerals. 
 Laboratory remanences imparted to samples from the bottom portion of the core 
are completely demagnetized by 450 °C, with stability in the high coercivity component 
up to 260 °C and rapid decay until 320 °C. The lower coercivity components gradually 
decay over this range although the 45 mT component stabilizes between 200 and 320 °C, 
then rapidly decays. It is clear that the bottom portion of the core is dominated by iron 
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sulfides, with no remanence stable at high temperatures, indicating an absence of 
magnetite. This behavior is consistent with samples taken from the horizon dominated by 
the Component D direction (425-430 m) and the horizon below dominated by Component 
C directions (435 – 450 m). We conclude that pyrrhotite is likely the high coercivity 
remanence carrier, as in the upper part of the core. The lower coercivity remanence 
carrier could be greigite or a low coercivity fraction of pyrrhotite. 
Component Contribution % SIRM A/m log(B1/2) mT B1/2 mT 
1 61.3 8.40E-03 1.72 52.5 .22 
2 38.7 5.30E-03 2.25 177.8 .33 
Residuals2 
LAP 3.67e-07 
GAP 2.75e-05 
Table 2, Forward Modeling of IRM Acquisition: Parameters for two components used 
to forward model IRM acquisition of an Oatka Creek sample (Figure 11). LAP = Linear 
Acquisition Plot, Gap = Gradient Acquisition Plot. 
 
 
5.2 Origins of Magnetic Components 
5.2.1 Drilling Induced Remanence 
 Regardless of clear changes in mineralogical composition between the top and 
bottom portions of the drill core, the overwhelming majority of samples from both 
sections yield a west and intermediate to steep direction removed by low AF fields  (15 – 
20 mT, Figures 3 and 4). This Component A direction is consistent with drilling induced 
remanences observed in basalt drill cores from Audunsson and Levi (1989) who observed 
radially inward magnetic directions with stability to AF demagnetization similar to a ~10 
mT IRM, and decreasing intensity towards the center of the drill core. Our Component A 
direction matches all of these characteristics, except that the stability of the natural 
  29 
remanence suggests the magnetic field of the drill string was higher than that observed in 
Audunsson and Levi’s core. Otherwise the Component A direction points towards the 
center of the core (in geographic coordinates, west and steeply down for specimens taken 
from the east portion of the core), and NRM intensity is unequivocally higher in 
specimens closer to the cutting surface (Figure 7).  
 
 The relatively strong clustering of Component A in the exterior samples 
compared to the directions removed over the same coercivity range from interior samples 
indicates that specimens are partially contaminated by the drilling remanence (Figure 
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9A). The excellent agreement of Component B directions from interior and exterior 
samples (Figure 9B) suggests that AF fields are successful in isolating the intermediate 
coercivity component from the component imparted by the drill string.  The higher 
coercivity Component C does seem to be steeper in exterior samples compared to interior 
samples, but only a low number of specimens yielded the directions necessary to make 
this comparison. If the high coercivity component from exterior samples is systematically 
steeper, it would indicate there is also a shock induced component to the drilling 
remanence, similar to what is observed in sulfide bearing sediments by Shi and Tarling 
(1999). The authors state that new pyrrhotite was formed from other iron sulfides due to 
mechanical shocking of sediments, with a remanence parallel to the field of the drill 
string, which was resistive to both AF and thermal treatment. This shock induced 
remanence affected samples from the exterior of their drill core, but not the interior. In 
general, AF fields of 100 mT are able to completely demagnetize specimens from our 
core, except for those specimens removed from the bottom, which suggests shock 
induced DIR, if present, is much less important than the magnetization induced by the 
magnetic field of the drill string. 
5.2.2 Natural Remanence 
 The stratigraphic pattern of components B, C, and D give us some insight into 
their respective magnetic carriers (Figure 13). Component B is only recovered from the 
upper 100 meters of the core where Lowrie tests indicate magnetite is present, and SEM 
observations indicate the magnetite is detrital. The paleopole calculated from the 
Component B directions is in excellent agreement with the Middle/Upper Devonian 
paleopole from Van der Voo (1990, Figure 13, after E/I inclination shallowing correction 
  31 
yielding f=0.7, following Tauxe and Kent 2004). These observations strongly suggest the 
Component B direction is a DRM carried by magnetite. 
 The Component C direction is consistently isolated over relatively higher AF 
fields, and is ubiquitous throughout the core. Given the persistence of a high coercivity 
population of pyrrhotite throughout the core indicated by the Lowrie tests, and the 
secondary nature of the pyrrhotite indicated by SEM observations, it is likely that the 
Component C direction is a chemical remanence acquired during pyrrhotite authigenesis. 
The paleopole calculated from the Component C directions lies near the Middle Triassic 
reference pole (Figure 14). However, deepest burial (and highest temperatures ~200 °C) 
for the Marcellus at this location were achieved during the Permian (Evans et al., 2014), 
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which yields the temperature conditions under which pyrrhotite formation is more likely 
to be catalyzed (greater than 180 °C, Schoonen and Barnes, 1991). Directions carried by 
authigenic pyrrhotite from the underlying Union Springs Member of the Marcellus are in 
good agreement with the Upper Permian reference pole (Manning and Elmore 2012), 
suggesting there may be some error in the orientation of the drill core used in this study. 
Therefore, we correct all our directions and paleopoles by orienting the core such that the 
paleopole yielded from the Component C directions (interpreted as a late CRM carried by 
pyrrhotite) agree with the Upper Permian reference pole and the directions of Manning 
and Elmore (2012) (11.7° counter clockwise about the core’s vertical axis).  
 The Component D directions are only found in the bottom 20 meters of the core, 
which have been intruded by both calcite and quartz veins. Evans et al. (2014) shows that 
pyrite precipitated along with calcite during early veining, and that fluids were locally 
derived (based on comparisons of stable isotopes between the veins and un-deformed 
portions of the Marcellus). We suggest this process of local, perhaps reducing fluid 
mobilization and rock fracturing may have facilitated dissolution of detrital magnetite by 
physically breaking up the flocs that shielded them, and resulted in a separate episode of 
pyrrhotite formation yielding an Upper Jurassic paleopole. The conundrum we face is 
that Evans et al. (2014) argues that veining occurred in the Permian when the sediments 
achieved maximum burial and temperatures. Our results suggest a hydrothermal event 
that occurred much later in the Jurassic is necessary to explain the paleomagnetic 
directions. Such an event would be contemporaneous with the hydrothermal event 
observed in Newark Basin sediments to the east, (Witte and Kent, 1991) and a steep 
geothermal gradient accompanied by kimberlite emplacement along the Alleghany 
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structural front to the west 
(Roden and Miller, 1989). 
Roden and Miller (1989) 
demonstrate apatite fission track 
systems of the Devonian Tioga 
and Kalkberg ash beds were 
reset ca. 180 Ma in some 
locations within the Valley and 
Ridge, which they suggest 
indicates migration of hot fluids 
in the region. Thus we suggest 
geochemical and paleomagnetic 
data, extracted from the lower 
portion of the Oatka Creek 
Member, reflect temperature 
conditions caused by Jurassic thermal alteration, rather than Permian peak burial as 
suggested by Evans et al (2014). 
5.3 Implications for the Middle Paleozoic Apparent Polar Wander Path 
 Reliable Middle Paleozoic paleomagnetic poles from the North American craton 
have been so far hard to come by. Van der Voo (1990) lists only 5 paleopoles for the 
Middle/Lower Devonian, with age brackets as broad as 71 million years. Recent studies 
omit the Devonian period altogether (Cocks and Torsvik, 2011), choosing to extrapolate 
the path from periods with better-constrained paleomagnetic data. The paleopole yielded 
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by the Component B directions, at least tentatively supports the northwest deflection of 
the North American APW path determined by Van der Voo (1990) relative to the 
interpolated path presented by Cocks and Torsvik (2012). Further paleomagnetic study of 
increasingly available drill cores through Middle Paleozoic sediments in the Appalachian 
basin may provide the samples necessary to further test the results of this study 
(reproducibility and fold tests), and provide a stronger basis for the Devonian portion of 
the North American APW path.  
Component	   Orientation	   North	  Pole	  Lat	  °	   North	  Pole	  Lon	  °	   A95	  °	  
Comp.	  B	   Stratigraphic	   29.4	   116.9	   1.3	  
Comp.	  C	   Stratigraphic	   53.2	   120.5	   3.7	  
Comp.	  D	   Geographic	   65.4	   132.5	   4.3	  
Table 3, Paleomagnetic Poles: Paleopoles calculated by averaging individual sample 
VGPs from each component. The pole positions include corrections for core orientation 
(all components) and inclination shallowing (component B).  
 
6. Conclusions 
 The Oatka Creek member of the Marcellus Formation, sampled in the subsurface 
with a 50.8 mm drill core, records multiple components of magnetization observed using 
alternating field demagnetization techniques.  
(1) Component A is consistently observed throughout the entire core, points west 
and steeply down in geographic coordinates, has a higher intensity in 
subsamples taken near the exterior of the core - closest to the cutting surface, 
and is likely a drilling induced remanence (DIR). 
(2) Component B is isolated over an AF range of 20-50 mT, in the upper 100 
meters of the core where Lowrie tests indicate magnetite is present over a 
lower coercivity range (45 and 200 mT IRMs). SEM results indicate the 
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presence of iron oxides with detrital characteristics, adhering to particles 
within clay floccules, supporting the conclusion that Component B is a 
magnetite DRM. This result yields a paleopole of lat 29.4°, lon 116.9°, A95 = 
1.3˚, with an age of 388-389 Ma based on conodont biostratigraphy of the 
Oatka Creek Member, from the Appalachian foreland. The position of this pole 
does not support the interpolated pole path of Cocks and Torsvik (2012) for the 
Devonian, but is in good agreement with the Upper/Middle Devonian 
paleopole based on the compilation of data from Van der Voo (1990). 
(3) Component C is isolated over an AF range of 50-100 mT, and is infrequently 
not completely removed by fields as high as 110 mT, although this component 
does trend into the origin. The component is ubiquitous throughout the core, 
and yields an Upper Permian reference pole, consistent with magnetic 
directions found in late authigenic pyrrhotite from Manning and Elmore (2012) 
in the Union Springs Member of the Marcellus Formation. We suggest this 
component is also carried by pyrrhotite in this drill core, which formed 
chemically during maximum burial of the Marcellus Formation in the Permian. 
(4) Component D is isolated over an AF range from 20 to 100 mT, and is not 
always completely removed by fields as high as 110 mT, although it also 
trends into the origin. This direction is confined to the bottom 20 meters of the 
core where there has clearly been hydrothermal alteration, likely from heating 
and mobilization of locally derived fluids. This component yields a late 
Jurassic paleopole consistent with late thermal events occurring over a wide 
region encompassing the Newark Basin and Alleghanian structural fronts. 
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 As development of unconventional hydrocarbon resources continues, more drill 
cores containing Middle Paleozoic sediments may become available for paleomagnetic 
study. This study suggests that this newly available material merits examination with the 
potential to more thoroughly determine the Middle Paleozoic pole path for North 
America, and expand paleomagnetism of Appalachian basin sediments in general.  
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ABSTRACT 
 Paleomagnetism and rock magnetic cyclostratigraphy of the Rainstorm Member 
of the Johnnie Formation near Death Valley, CA provide chronostratigraphic constraints 
on the duration and synchroneity of the Shuram carbon isotope excursion. Magnetic 
reversal stratigraphies at three localities, the Desert Range of western Nevada, and the 
Nopah Range and Winters Pass Hills of southeastern California, show consistent polarity 
zonations with paleomagnetic poles that correspond to Neoproterozoic (Ediacaran) 
reference poles for cratonic North America. The magnetostratigraphy demonstrates that 
the nadir of the Shuram Excursion (SE) occurred just after a transition from reversed to 
normal polarity, and is synchronous at the two localities within Death Valley. Time series 
analysis of magnetic susceptibility from the Nopah Range and Winters Pass Hills 
localities shows statistically significant spectral power in frequency bands with orbital-
scale ratios (short eccentricity, obliquity, and precession). An astrochronologic 
interpretation of the cyclostratigraphy yields an estimated duration of 818 ± 122 kyr for 
the SE between values of δ13C -3.9‰ before the nadir to a recovered value of -9.3‰ after 
the nadir. Extrapolation of this estimate yields a duration of 8.2 ± 1.2 Myr for the entire 
excursion, which is in agreement with an independent estimate based on 
chemostratigraphic correlation of sections containing radiometric dates of ash beds.
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1. Introduction 
 Globally distributed carbonate sequences from the Ediacaran period record the 
largest amplitude inorganic carbon isotope anomaly ever discovered, the Shuram 
Excursion (SE). The SE appears just below the Precambrian-Cambrian boundary, and 
closely precedes the explosion of metazoan life. It is found in rocks from around the 
globe including Oman, China, Australia and the USA (Calver, 2000; Corsetti and 
Kaufman, 2003; Condon et al., 2005; Le Guerroué et al., 2006). Numerous studies 
produced over the past two decades have led to two competing hypotheses regarding the 
excursion’s origin: 1) The SE is a primary depositional carbon isotope anomaly that 
records a globally synchronous ocean oxygenation event (e.g. Fike et al., 2006; Verdel et 
al., 2011), or 2) the SE is the result of diagenetic alteration in only some carbonate 
formations from the Ediacaran period, not necessarily related to globally synchronous 
changes in ocean chemistry (e.g. Derry, 2010).  
 The excursion’s isotopic profile has a distinct, globally reproduced 
“morphology”.  At the type locality in Oman, carbon isotope (δ13CVPDB) values descend 
from 0‰ to a nadir of -12‰ over a stratigraphic thickness of roughly 100 m, and then 
gradually recover to a value of 0‰ over a stratigraphic thickness greater than 400 meters 
(Fike et al., 2006). A comparison of key sequences recording the SE in South China, 
South Australia, and Death Valley, USA show carbon isotope profiles that closely mimic 
the asymmetric decline and recovery at the type locality (Grotzinger et al., 2011).  
 Global synchroneity of the SE is seen as a key test of the ocean oxygenation 
hypothesis (Verdel et al., 2011). Assuming the excursion is synchronous, the profile of 
δ13C values should maintain its position relative to key chronostratigraphic markers at 
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each geographic expression of the excursion. At the very least, the excursion should have 
the same chronostratigraphic duration. However, if the excursion is diagenetic in nature, 
there may be subtle to very large discrepancies between chronostratigraphic markers 
(such as magnetic polarity reversals) and δ13C values at each locality. Also, the amount of 
geologic time represented by the different sedimentary sequences recording the SE need 
not be the same. However, the current state of chronostratigraphic estimates and markers 
has not allowed for convincing comparisons of the excursion’s chronology. 
 Two noteworthy and conflicting estimates of the duration highlight the need for 
further chronostratigraphic study. The first estimate is based on a thermal subsidence 
model for the type locality Nafun sedimentary group in Oman (Le Guerroué et al., 2006). 
The Nafun group is a mixed siliciclastic-carbonate sedimentary succession roughly 800 
meters thick and it preserves the SE in apparently uninterrupted detail. Le Guerroué et al. 
(2006) transformed the sedimentary thickness of the Nafun group into a depositional 
duration by mathematically decompacting the sediments and fitting the thickness to 
modeled curves of accommodation space produced by thermal subsidence of the post-rift 
lithosphere. The model suggests that the section of the Nafun group that records the SE 
was deposited within 50 Myr. Geochemical modeling has shown that a duration of this 
order of magnitude (25-50 Myr) requires unreasonable amounts of dissolved organic 
carbon and oxidants in the Ediacaran oceans and atmosphere to sustain an oxidation 
event that could produce the extremely depleted inorganic C-isotope values seen in the 
SE (Bristow and Kennedy, 2008). The second estimate comes from chemostratigraphic 
and biostratigraphic correlation of the Chinese Doushantuo Formation, which also 
records the SE, with the Nafun sedimentary group. U-Pb ages of ash beds and 
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biostratigraphic events constrain the duration of the excursion to a period of roughly 9 
million years (Condon et al., 2005; Zhu et al., 2007). This shorter duration implies a 
smaller DOC pool and requisite oxidants than suggested by Bristow and Kennedy (2008) 
given the hypothesis that the SE represent a global ocean oxidation event. Thus the 
duration of the SE at multiple localities is not only necessary to test its synchroneity, but 
is important for testing its potential mechanisms. 
 The purpose of this study is to investigate the synchroneity of the SE within the 
Death Valley region, to lay the groundwork for chronostratigraphic comparison of the SE 
between globally distributed localities, and to estimate the duration of the excursion. We 
approach this task in two ways. First, by tying a record of geomagnetic reversals to the 
carbon isotope profile for two outcrops recording the SE in the Death Valley region. 
Because geomagnetic reversals are globally synchronous events, the stratigraphic 
position of reversals relative to the carbon isotope profile should be the same at each SE 
locality if the excursion is primary. Second, we measure a high-resolution rock magnetic 
profile of the two outcrops, from which we produce a cyclostratigraphic estimate of the 
excursion’s duration at each site. The chronostratigraphic reference points of the 
magnetostratigraphies will allow us to test the reproducibility and consistency of our 
cyclostratigraphic estimate of the excursion’s duration, which will likely bear on 
geochemical models of the excursion as discussed. 
 The method of rock magnetic cyclostratigraphy has the potential to produce 
independent estimates of duration for the excursion in each of its geographically and 
tectonically unique settings, assuming some component of sedimentation was forced by 
orbital oscillations in climate, and that such a record is preserved at the necessary scale. 
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There are two major challenges to this approach: 1) the duration of such climate 
oscillations, while known through the Mesozoic, are uncertain in the Neoproterozoic 
(Laskar et al., 2011), and 2) the sedimentary record from shallow marine settings is 
thought to be less complete than in the deep ocean basins where cyclostratigraphic 
methods were initially demonstrated to work (e.g. Hays et al., 1976). We thus offer this 
chronologic estimate with the caveat that the modeled durations we use for Earth’s 
orbital-scale climate cycles in the Ediacaran will likely be adjusted by future work, 
though we base our estimate primarily on Earth’s orbital eccentricity cycle, the duration 
of which is the least sensitive to the initial conditions in models of celestial dynamics 
(Laskar et al., 2011). Second, while we recognize that sediment accumulation is unsteady 
in shallow marine settings, the rock magnetic cyclostratigraphy approach, with some 
variation in magnetic properties measured, has reliably produced astrochronologic 
estimates for shallow carbonate formations spanning the Phanerozoic (e.g. Mayer and 
Appel, 1999; Latta et al., 2006; Kodama et al., 2010). In these studies, the authors show 
that climate forced oscillations in the delivery of either eolian dust or siliciclastics from 
the craton to carbonate producing environments results in a magnetic profile that records 
the initial climate forcing on Milankovitch and sub-Milankovitch scales. It is thus 
possible that sedimentary preservation is sufficient on the scales necessary to observe the 
effect of orbital climate forcing in this depositional environment.  
 The entire SE is observable in the Death Valley region via a composite 
chemostratigraphy by Verdel et al. (2011). Corsetti and Kaufman (2003) demonstrate that 
the Ediacaran (the period from 635-541 Ma) Rainstorm member of the Johnnie 
Formation records a portion of the SE that encompasses the nadir of the excursion at the 
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Nopah Range and Winters Pass Hills localities (Figure 1). The Winters Pass Hills locality 
records an apparently more complete expression with δ13C values spanning -3.9‰, 
through the nadir at -11.5‰, to a recovered value of -9.8‰ (~ 10% of the excursion 
according to Verdel et al. 2011). Van Alstine and Gillett (1979) show that the Rainstorm 
Member in the nearby Desert Range also records primary Ediacaran paleomagnetic 
directions and a magnetostratigraphy. The existing magnetostratigraphy at the Desert 
Range cannot simply be transferred to the Winters Pass Hills or Nopah Range via 
lithostratigraphic correlation because a palinspastic reconstruction of the regional marker 
bed in the Rainstorm Member, the “Johnnie Oolite” shows it to be time transgressive 
(Bergmann et al., 2011).  However, results from the Desert Range serve as a good 
reference to check the reliability of our results. The work by Bergmann et al. (2011) also 
indicates that the excursion is synchronous within the Death Valley region. This study 
independently tests their result.  
 
2. Geologic Setting 
 The Johnnie Formation is part of a sequence that records the rifting apart of 
Rodinia and the formation of a passive continental margin on Laurentia (Stewart, 1970, 
1991; Summa, 1993). The Rainstorm Member of the Johnnie Formation consists of a 
sequence of three distinct lithologies: 1) a basal lower greenish gray to purple siltstone 
unit interrupted midway by an oolitic dolostone known as the “Johnnie Oolite”, 2) a 
pinkish thinly bedded carbonate unit with interbedded silt, and 3) an interbedded siltstone 
and finely grained quartzite unit (Stewart, 1970; Summa, 1993). The Johnnie Oolite 
represents a dramatic change in depositional environment from low energy basinal mud 
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to ooid grainstones produced under the influence of oscillatory wave motion. Summa 
(1993) interprets the Johnnie Oolite as a “landward prograding transgressive sheet” 
which tracked sea level, and marks a major sequence boundary. The overlying siltstones 
are interpreted to indicate rapid marine flooding and a temporary cessation of carbonate 
production.  
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 At the Winters Pass Hills locality we observe roughly 12 meters of fissile siltstone 
overlying the Johnnie Oolite that grades into the carbonate unit. At the Nopah Range this 
transition is not well exposed. The carbonate unit at both localities contains pink and gray 
carbonate beds, but the Nopah Range carbonates are a deeper red color. Pink limestone 
beds at both localities often contain ooids and rip up clasts, while gray beds retain 
carbonate crystals and fans that likely precipitated directly on the sea floor (Summa, 
1993; Pruss et al., 2008). Hummocky cross-stratification is common in the Rainstorm 
Member as well as occasional silt beds that are interpreted as periods of short-lived 
deepening. One interpretation of the Rainstorm Member above the Johnnie Oolite is a set 
of shallowing-upward, several meter thick, carbonate parasequences with sporadic 
siliclastic input from the craton delivered by strong storm events (Summa, 1993). 
Schoenborn and Fedo (2011) indicate that clastic input onto the margin at this time was 
likely derived from a mix of heavily weathered, far traveled igneous or metamorphic 
sources and local sources on the rift shoulder. 
 The Johnnie Formation likely achieved maximum burial and temperature during 
the Cretaceous. Conodont color alteration indexes in Ordovician rocks from the Funeral 
Mountains indicate burial temperatures of 325 – 435 °C for the southern reaches of the 
Death Valley region, with northward increasing metamorphic grade (Hoisch and 
Simpson, 1993). The onset of regional thrusting in the late Mesozoic carried the Nopah 
Range and Winters Pass Hills outcrops to the north and east on the Wheelers Pass thrust 
system (Wernicke et al., 1988). Both localities lie within regions of later, Neogene 
extension. The Nopah Range lies in the “Death Valley Normal Fault System” and the 
Winters Pass Hills lie in the “Las Vegas Normal Fault System” as defined by Wernicke et 
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al. (1988). Rapid exhumation and brittle deformation is thought to occur over the interval 
from 21-6 Ma. The current bedding attitude of the Rainstorm Member at the Nopah 
Range is strike = 310°, dip = 45° NE, and at the Winters Pass Hills strike = 345°, dip = 
50° NE. 
 
3. Methods 
3.1 Measurements and Sampling of Section 
 The Rainstorm Member of the Johnnie Formation was identified at the Nopah 
Range and Winters Pass Hills using the “Johnnie Oolite” as a marker bed along with 
maps and descriptions of stratigraphic section from Stewart (1970). Measurement of 
stratigraphic thickness was made with a Jacob Staff and measurements of bedding 
orientation were made with a Brunton compass. To produce a high-resolution rock 
magnetic cyclostratigraphy, un-oriented hand samples were removed from the Nopah 
Range outcrop at a stratigraphic interval of 25 cm and at the Winters Pass Hills outcrop at 
an interval of 20 cm. The sampling intervals were chosen to sample the presumed 
duration of precession (16 kyr – 20 kyr) at the Nyquist frequency assuming a reasonable 
sediment accumulation rate for near shore carbonates of roughly 5 cm kyr-1 (eg Latta et 
al., 2006). To determine the stratigraphic pattern of magnetic polarity, we collected 
paleomagnetic specimens from 25 mm diameter oriented cores obtained with a portable 
drill at the Nopah Range every 3 to 4 meters. Three cores up to a meter apart per horizon 
were collected. The Winters Pass Hills locality lies within a wilderness area, which 
prohibits the use of a portable drill. Instead, single oriented block samples were removed 
from the outcrop at stratigraphic intervals of roughly 3 to 4 meters. These sampling 
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strategies should sample each polarity chron at least three times assuming a sediment 
accumulation rate comparable to the Desert Range outcrops of the Rainstorm Member 
(Van Alstine and Gillett, 1979).  
3.2 Magnetic Experiments 
 Samples for paleomagnetic measurements were obtained by drilling 25 mm 
diameter cores from oriented hand samples, or by partitioning cores obtained in the field 
into standard paleomagnetic specimens. Cores were trimmed to remove weathered 
surfaces using a diamond bladed rock saw, and subsampled to produce at least 3 
specimens per horizon. Measurements of paleomagnetic directions (and rock magnetic 
properties) were performed with superconducting rock magnetometers at the United 
States Geological Survey, Menlo Park, and at Lehigh University. After measurements of 
natural remanent magnetization (NRM) were made, oriented samples were stepwise 
thermally demagnetized in an ASC thermal demagnetizer. Thermal demagnetization was 
conducted with 50 ˚C steps from 100 ˚C to 500 ˚C, 25 ˚C steps to 550 ˚C, and 10 ˚C steps 
to a maximum temperature of 610 ˚C. Preliminary results indicated that lightning strikes 
might have partially overprinted some horizons from the Winters Pass Hills locality. For 
these horizons, additional specimens were prepared, heated to 150 ˚C, and stepwise 
demagnetized using an alternating field in 10 mT steps.  
 Principal component analysis of magnetic components was carried out on vector 
end point diagrams following Kirschvink (1980). Components defined by non curved-
paths of at least three demagnetization steps with maximum angular deviation (MAD) 
values less than 15˚ were fit. Exceptions were made for 4 specimens that yielded slightly 
higher MAD values, but had directions that were consistent with specimens from the 
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same horizon that met our selection criteria. Components with unblocking temperatures 
below 550 ˚C (or peak AF fields of 50 mT) that did not trend into the origin were 
grouped as “component 1”. Components with higher unblocking temperatures (or peak 
AF fields) that trended into the origin were grouped as characteristic remanent 
magnetizations (ChRMs).  
 Magnetic susceptibility (χ) was measured to create a data series for 
cyclostratigraphic analysis. Cores with a diameter of 10 mm were drilled from un-
oriented hand samples and weathered surfaces were removed using a diamond bladed 
rock saw. For horizons composed of fissile shale, chips of the rock were placed in a 
plastic container the susceptibility of which was subtracted from the measurement. 
Magnetic susceptibility was measured with a KLY-3s Kappabridge and normalized by 
sample mass. To assess the magnetic mineralogy of the Rainstorm Member, acquisition 
and thermal demagnetization of isothermal remanent magnetizations were performed and 
IRM acquisition results were forward modeled using the routine from Kruiver et al. 
(2001).  
3.3 Spectral Analysis 
 Spectral analysis of the data series of magnetic susceptibility was carried out 
using the multi-taper method (MTM, Thomson, 1982; Ghil, 2002). Estimation of robust 
red noise and confidence limits at the 90%, 95%, and 99% level were determined 
following Mann and Lees (1996). Prior to analysis, data were filtered to subdue non-
periodic trends which add power to the secular frequency band as defined by Mann and 
Lees (1996), 0 > f  > pfR, where p is an integer that represents the bandwidth over which 
spectral leakage is minimized, and fR is the Rayleigh frequency. For our choice of p = 2, a 
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notch filter was applied to the 39 meter Nopah Range section on wavelengths longer than 
19.5 m and for the 55.6 m Winters Pass Hills section on wavelengths longer than 27.9 m. 
 To test the hypothesis that observed cycles are related to Milankovitch scale 
forcing, we compare the expected frequency bands for short eccentricity, obliquity, and 
precession to the frequency response of the magnetic susceptibility data series (the MTM 
spectra). The frequency band for short eccentricity is centered on the second two terms in 
the expansion of eccentricity from Laskar (1999), 95 kyr and 124 kyr.  The frequency 
bands for obliquity and precession are centered on the two terms from Berger and Loutre 
(1994) at 500 Ma: 36 and 30 kyr (obliquity), and 19 and 16 kyr (precession). Time 
frequency of the Milankovitch cycles are converted to spatial frequency (cycles per 
meter) for the comparison using iteratively calculated sediment accumulation rates until 
the expected orbital frequency bands overlap with the distribution of spectral density of 
the magnetic susceptibility time series. In this way it is established if within the 
uncertainties of the orbital periods and the stratigraphic wavelength of the observed 
sedimentary cycles (i.e. the width of the spectral peaks) the distribution of the frequencies 
of the sedimentary cycles (their ratios) is consistent with orbital scale climate forcing. 
 To determine uncertainties around the sediment accumulation rate we propagate 
the uncertainty in the stratigraphic wavelength of the identified short eccentricity peak 
through with the uncertainty in the duration of short eccentricity. Uncertainty in the 
stratigraphic wavelength of the short eccentricity cycle is taken as the width of the peak 
above the 95 or 99% confidence levels with the average of the minimum and maximum 
possible wavelengths taken as the best estimate of the length of the cycle. The uncertainty 
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in the duration of short eccentricity is taken as the difference between the average of the 
two short eccentricity terms, and either the short or long term (109 ± 14.5 kyr). 
3.4 Carbon Isotope Stratigraphy 
 We measured a carbon isotope stratigraphy at both localities in order to precisely 
tie our chronostratigraphic measurements to the profile of the excursion. Unoriented hand 
samples collected for the cyclostratigraphy at each locality were subsampled at an 
interval of roughly 3 m, depending on carbonate availability. These subsamples were 
trimmed, using a diamond tip rock saw, and cleaned using a lap wheel and aluminum 
oxide powder. The subsamples were then crushed for whole rock carbon isotope analysis 
using a mortar and pestle. Sample preparation for carbon isotope measurements was 
carried out following the methods of McCrea (1950). Measurement of δ13CVPDB were 
made using a Finnigan MAT 252 and GasBench II automated sampler. δ13CVPDB values 
were calibrated using the NBS19 standard for limestone and a house standard. 
Measurement precision was found to be better than 0.1 ‰ on standard runs. 
 
4. Results 
4.1 Paleomagnetic Results  
 Thermal demagnetization of samples from the Nopah Range demonstrates two 
stable magnetization components. Component 1 unblocks between 200 and 500 ˚C, 
points northwest and steeply down in geographic coordinates, and north and intermediate 
down in tilt corrected coordinates (Figure 2). Component 2 (ChRM) is isolated between 
temperature steps of 500 and 610 ˚C, trends into the origin, and points either east or west 
and near flat in tilt corrected coordinates (Figure 2).  
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 Thermal demagnetization of samples from the Winters Pass Hills locality 
typically removed a large component of magnetization at the 150˚C temperature step 
(Figure 3D). In a few samples, a low unblocking temperature component (< 500 ˚C) that 
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did not trend into the origin was also isolated (“component 1”) but the directions are 
inconsistent. Most samples demagnetized univectorally into the origin after the 150 ˚C 
temperature step, unblocking between 550 and 580 ˚C with a northeast or northwest 
declination and shallow inclination in tilt corrected coordinates (Figure 3). AF 
demagnetization was successful in isolating a low coercivity component with peak 
alternating fields between 30 and 50 mT in some samples (Figure 3E), also with 
inconsistent directions. The remaining magnetization typically trends into the origin, is 
completely removed by 100 mT, and points northeast or northwest and near flat (Figure 
3E).  
 Thermal demagnetization of Nopah Range samples imparted with a saturation 
isothermal remanence (SIRM) shows an accelerated removal of magnetization starting at 
550 ˚C, with a major drop in magnetic moment at 680 ˚C, (Figure 4A). Modeling of IRM 
acquisition is supportive of a magnetic mineral population comprised of a low coercivity 
phase (B1/2 = 63 mT, 10% of IRM) and a relatively high coercivity phase (B1/2 = 467 mT, 
90% of IRM) (Figure 4C, Table 1). Thermal demagnetization of SIRMs from the Winters 
Pass Hills show significant drops between 100 and 150 ˚C, and further decay until 580 ˚C 
(Figure 4B). Forward modeling of IRM acquisition is supportive of a mineral population 
having median coercivities of 100 mT (13% of IRM), ~400 mT (4% of IRM), and ~ 2000 
mT (83% of IRM) (Figure 4D, Table 1).  
 Low unblocking temperature directions from the Nopah Range cluster well, and 
yield a tilt corrected paleopole in reasonable agreement with the Miocene reference pole 
for North America (Torsvik et al., 2012; Figure 5A). Low unblocking temperature and 
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low coercivity components from the Winters Pass Hill locality do not show any apparent 
grouping (Figure 5B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Characteristic directions from both localities are bimodally distributed (Figure 6). 
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Examination of the stereographic projections of the directions indicates east and west 
groupings for the Nopah Range data, and northwest and northeast groupings for the 
Winters Pass Hills data, similar to the east and west groupings observed in the Rainstorm 
Member at the Desert Range locality by Van Alstine and Gillett (1979, Figure 6C). The 
frequency distribution of the great circle distance between individual sample VGPs, and 
the mean paleopole  (from averaged individual sample VGPs for a locality, all inverted to 
the Northern hemisphere), illustrates the bimodal distribution of the directions (Figure 
6A, B).  
 To test if these two directional groupings represent reversals of the geomagnetic 
field, we perform two versions of the reversals test. The first is the test for a common 
mean, in which one set of directions is inverted to the other hemisphere, and the means 
and their a95 cones of confidence are compared. For the Nopah Range data both mean 
directions fall within the confidence cones of the other population, indicating a positive 
reversals test. For the Winters Pass Hills data, the confidence cones of the two data sets 
do not overlap, which constitutes a failure of the reversals test, and indicates likely 
contamination by an unresolved magnetic component. ChRMs from the Winters Pass 
Hills are distributed along a great circle defined by the mean directions of the two 
components resolved at the Nopah Range (both in tilt corrected coordinates, Figure 6B). 
The second reversals test we use is described by McFadden and McElhinny (1990) in 
which a critical angle is derived from the data that must be greater than the separation of 
the means of the two data sets to yield a “positive” test. We calculate the critical angle 
and angular separation of the means for the Nopah Range and Winters Pass Hills, and 
find that the angular separation for the Nopah Range is less than the critical angle. 
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However, the scatter is sufficiently high in each data set that the critical angle exceeds the 
20˚ limit imposed by the authors, and thus this test is indeterminate for both sites (Table 2 
and 3). To estimate the age of the characteristic directions we compare the paleopoles for 
each site with the apparent polar wander (APW) path for North America (Figure 6D, 
Table 4, Cocks and Torsvik, 2011).  The paleopoles from all three sites are in good 
agreement with the reference poles between 550 and 540 Ma.  
 There is a clear stratigraphic grouping of the declinations and great circle 
distances from the north paleopole (“ΔVGP”) into apparent polarity zones that concurs 
with those from Van Alstine and Gillett (1979, Figure 7). We have assigned polarity to 
these stratigraphic groupings based on paleogeographic reconstructions that show 
Laurentia has undergone 90˚ of counterclockwise rotation since the Ediacaran (Li et al., 
2008; Cocks and Torsvik, 2011). 
A) NR  contribution % SIRM Am2 kg-1 log(B1/2) mT B1/2 mT DP mT 
1 10.3 1.20E-01 1.80 63.10 0.30 
2 89.7 1.05E+00 2.67 467.70 0.35 
B) WP  contribution % SIRM Am2 kg-1 log(B1/2) mT B1/2 mT DP mT 
1 13.2 4.50E-02 2.00 100.00 0.40 
2 4.4 1.50E-02 2.60 398.10 0.15 
3 82.4 2.80E-01 3.30 1995.30 0.33 
 
Table 1: Modeled coercivity components of saturation isothermal remanent 
magnetization (SIRM) for  samples from the Nopah Range (NR) and Winters Pass Hills. 
B1/2 is mean coercivity, DP is the half-width of the distribution. 
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4.2 Magnetic Susceptibility and Spectral Analysis 
 The MTM spectral estimate for the Nopah Range data series of magnetic 
susceptibility yields clear spectral peaks above the 90% confidence interval of the robust 
red noise or greater with Milankovitch-scale ratios (Table 5, Figure 8). The optimal 
distribution of spectral density within the orbital frequency bands (for eccentricity, 
obliquity, and precession) is found using a sediment accumulation rate of 4.8 cm kyr--1. 
An additional high frequency peak rises above the 95% confidence interval with a 
wavelength of 0.6 m that does not fall within the expected Milankovitch band. 
 The MTM spectral estimate of the Winters Pass Hills data produces six clear 
peaks above the 95% confidence interval (Figure 9B) or greater. The 8.8 and 2.6 m 
wavelength peaks fall within the expected Milankovitch band for eccentricity and 
obliquity given a sediment accumulation rate of 8.0 cm kyr--1. The expected precession 
band does not contain significant power. There is significant power at a wavelength of 34 
m, which lies within the bandwidth of the notch filter, and is therefore suspect. Three 
significant peaks arise with wavelengths between 0.9 and 0.6 m, outside the expected 
Milankovitch band.   
 
 4.3 Isotopic Results 
 δ13CVPDB values for inorganic carbon reproduce a portion of the SE morphology at 
both the Nopah Range and Winters Pass Hills localities (Figure 9). Both profiles 
demonstrate part of the decline to the peak low value (or nadir) and part of the recovery. 
At the Nopah Range, we observe the excursion from a value of -10.1 ‰, through the 
  63 
nadir at – 11.5‰, to a recovered value of -9.0‰ At the Winters Pass Hills, we observe 
the excursion from a value of -8.9‰, through the nadir at -11.3 ‰, to a recovered value 
of -9.5‰.  
 
5. Discussion 
5.1 Paleomagnetism of the Johnnie Formation 
5.1.1 Remanence carriers and paleomagnetic directions 
 In the Desert Range, Van Alstine and Gillett (1979) indicate the Rainstorm 
Member remanence is carried by detrital hematite (based on unblocking temperatures and 
microscopic analysis of thin sections). At both the Nopah Range and Winters Pass Hills 
localities however, unblocking temperatures, thermal demagnetization of SIRM, and IRM 
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acquisition modeling are supportive of magnetite as the primary remanence carrier, 
although perhaps low unblocking temperature hematite is partially responsible for 
carrying the remanence at the Nopah Range.  
 At the Nopah Range, a low unblocking temperature component is clearly isolated 
from the ChRMs, and is in good agreement with the expected Early Miocene direction 
(maximum unblocking temperature 450 ˚C, Figure 5A and 6D). This is consistent with a 
thermo-viscous overprint, obtained during burial, with directions locked in just before 
rapid exhumation began in the Early Miocene (Hoisch and Simpson, 1993).  
Characteristic directions from the Winters Pass Hills fall along a great circle defined by 
the ChRM and the overprint observed at the Nopah Range, which allows us to understand 
the Winters Pass Hills directions as vector sums of the two components observed at the 
Nopah Range.  
Figure 6: Stereographic projections of characteristic magnetization from the Rainstorm 
Member of the Johnnie Formation. Closed circles are projections onto the lower 
hemisphere, open circles are projections onto the upper hemisphere. Below the stereonets 
from each locality are the respective frequency distributions of the great circle distance 
between individual sample VGPs and the mean paleopole for that site (C & D).  A) 
Directions from the Nopah Range with the means of directions lying in the west and east 
hemisphere plotted as black diamonds with corresponding 95% confidence cones. B) 
Characteristic directions from the Winters Pass Hills with the means plotted as in A. The 
means of the tilt corrected characteristic magnetization and component 1 magnetization 
from the Nopah Range (triangles) define the great circle shown. C) Characteristic 
magnetization directions from the Rainstorm member of the Johnnie Formation in the 
Desert Range, redrawn from Van Alstine and Gillett (1979). D) Paleopoles from the 
Winters Pass Hills samples (WP), Nopah Range samples (NR) and Desert Range samples 
(DR, black square) and the reference poles from Cocks and Torsvik (2011, black diamons). 
A95 ellipses are plotted for directions calculated in this study. 
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 Paleomagnetic data from the Nopah Range and Winters Pass Hills yield 
essentially the same statistical characteristics as their predecessors from the Desert Range 
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(Van Alstine and Gillett, 1979, Table 2). All three data sets yield two clear directional 
modes despite significant scatter (k between 3.5 and 7). The k values for the Desert 
Range data (N= 75) fall between those from the Nopah Range (N=24) and Winters Pass 
Hills (N=35), indicating it is unlikely that increasing the sample size for the Nopah Range 
and Winters Pass Hills localities would improve their statistics. Prolonged burial and 
partial overprinting by lightning are likely causes of high scatter in the ChRMs. 
Site Mean Dec Mean Inc k α95 
NR West Hemisphere 259.5° 6.9° 3.9 21.5 
NR East Hemisphere 94.8° 35° 3.5 29.6 
WP West Hemisphere 297.2° 11.6° 7.0 12.3 
WP East Hemisphere 72.7° -5.1° 3.9 23.9 
DR West Hemisphere 272.0° 20.3° 5.6 15.2 
DR East Hemisphere 67.8° 13.4° 4.4 10.5 
 
Table 2: Mean characteristic directions for Nopah Range (NR) and Winters Pass Hills 
(WP) samples in tilt corrected. 
 
Site Test For Common Mean Critical Angle Observed Angle Reversals Test 
Nopah Range Positive 35° 18.5° Indeterminate 
Winters Pass Hills Negative 23.8° 44.5° Indeterminate 
 
Table 3: Results of reversal tests discussed in text. 
 
5.1.2 Magnetostratigraphy 
 There are three pieces of evidence that lead us to conclude that the stratigraphic 
pattern of paleomagnetic directions observed in the Rainstorm Member are a reliable 
indicator of geomagnetic polarity. The first is that the distribution of declinations (and 
VGP positions) are clearly bi-modally, not randomly, distributed (Figure 6A and B) at all 
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sites. The two groups of directions are antipodal at the Nopah Range, and at the Winters 
Pass Hills locality the two groups can be understood as the combination of antipodal 
primary directions and a thermal overprint readily explained by recent tectonics. Second, 
the paleopole derived from each site is in good agreement with the expected reference 
pole for the late Ediacaran (Cocks and Torsvik, 2011). Schmidt and Williams (2010) 
show that sediments correlative to the Johnnie Formation from South Australia yield no 
evidence for true polar wander, which dispels much of the uncertainty in the late 
Ediacaran reference pole (e.g. Abrajevitch and Van der Voo, 2010). Third, these 
directions reproduce a consistent stratigraphic pattern of apparent polarity zones at three 
distant localities within the Death Valley region (Figure 7). Again, although the 
dispersion estimates for these data sets are high, it seems improbable that three 
geographically distant samplings of randomly distributed directions could produce 
consistent polarity sequences, directional modes, and paleopoles of the appropriate age. 
Rather we suggest that the quality of the paleomagnetic “signal” is commensurate with 
the age and history of the Johnnie Formation, and yields a reliably reproducible 
magnetostratigraphy throughout the region. We therefore argue these results are suitable 
for tying magnetic reversals to the SE carbon isotope profile. 
Site Pole Lat Pole Lon A95 
Nopah Range -2.5° 158.5° 14.3° 
Winters Pass Hills 14.3° 150.9° 11.8° 
 
Table 4: Paleopoles calculated from the two localities of the Rainstorm Member. 
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5.2 Orbital Cycles in the Johnnie Formation 
 Spectral analysis of the magnetic susceptibility profiles from both the Nopah 
Range and Winters Pass Hills exhibit clearly periodic behavior (Figure 8). The dominant 
frequencies (periods) in the power distributions are consistent with climate-forced 
oscillations in sedimentation with orbital scale ratios (Table 5) and fall within the 
expected Milankovitch bands given sediment accumulation rate near 4.8 (Nopah Range) 
and 8.0 (Winters Pass Hills) cm kyr -1. We use the stratigraphic wavelength of 
eccentricity determined by MTM analysis, and the duration of short eccentricity to 
determine an average sediment accumulation rate with uncertainties for both localities of 
the Rainstorm Member (as discussed in methods). This yields average sediment 
accumulation rates for the two localities of: 8.0 ± 1.4 cm kyr-1 for the Winters Pass Hills, 
and 4.8 ± 0.4 cm kyr-1 for the Nopah Range. 
 Both the Nopah Range and Winters Pass Hills spectral estimates demonstrate 
significant power at sub Milankovitch frequencies. Notably, there is a peak with a 
duration of ~12 kyr in both data series (0.6 m at the Nopah Range and 0.9 m at the 
Winters Pass Hills). There is also either statistically weak or non-existent spectral power 
in the expected precession band at both sites. Given the great uncertainty in the actual 
duration of precession at this time, it is possible that the ~12 kyr peak represents 
Figure 7: Regional correlation of magnetostratigraphies from the Johnnie Formation. The 
magnetostratigraphy from Van Alstine and Gillett (1979) is based on declination only. 
Magnetostratigraphies from this study are demonstrated using both declination (black 
circles) and the great circle distance of individual sample VGPs from a mean locality VGP 
(gray triangles, “ΔVGP”). A regional composite of the magnetostratigraphies is constructed 
at right, by filling in the indeterminate stratigraphy from the Desert Range with the 
observations made in the Death Valley Region. 
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precession. In this case, our results suggest a shorter period for precession then calculated 
by Berger and Loutre (1994). Alternatively, sedimentary reworking or erosion may have 
disproportionately shortened the higher frequency signals, giving a stratigraphic 
wavelength and apparent duration for precession that is too short. 
 The low frequency peak above the 99% confidence level in the Winters Pass Hills 
data has a wavelength of ~34 meters, which would be a good fit for long eccentricity, 
except that the band pass applied to the data should have filtered this wavelength out. 
This peak could be an artifact of the analysis resulting from spectral leakage (although 
the MTM method should minimize this) or aliasing. 
 The encoding mechanism of Milankovitch cycles in the Rainstorm Member is 
likely periodic or quasi-periodic oscillations in the amount of siliciclastic material driven 
from the continent into the paleo-carbonate ramp controlled perhaps by varying rainfall 
intensity (as in modern precession scale modulation of low latitude monsoon) or by 
varying sea level changing the depositional environment. Summa (1993) observes pure 
carbonate interbedded with carbonate cemented clastics throughout the upper Johnnie 
Formation and suggests that carbonate sediment must have formed in place, with clastics 
occasionally washed in from the paleo-margin. Following this interpretation we favor the 
hypothesis that climate modulation of run off (rainfall intensity) periodically drove 
siliclasitcs into a relatively steady carbonate producing environment. 
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 To evaluate the consistency of the signal on the basin scale, we filter the magnetic 
susceptibility profiles at the 5.2 and 8.8 m wavelengths  (interpreted to be eccentricity in 
the Nopah Range and Winters Pass Hills respectively) and superimpose them on the 
unfiltered data series from each site (Figure 9). The filtered wavelengths are good 
representations of the behavior of the data series at their respective wavelengths, and 
there is a nearly one to one correspondence between the oscillation peaks at each locality 
within a given magnetic polarity zone. The estimated duration of the correlative, long 
normal polarity interval is also the same within the uncertainties discussed (Figure 9). 
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The basin-wide agreement of the cycles and the magnetostratigraphies reinforce the 
hypothesis that both the magnetostratigraphy and cyclostratigraphy are based on primary, 
basin wide signals.  
 
Sediment 
Accumulation 
Short 
Eccentricity Obliquity Precession Ratios 
Expected Duration 
 
123945 - 94932 36245 - 29885 19029 - 16207 1:3.3:6.2 
Winters Pass Hills  8.0 cm/kyr 8.8 m 2.6 m NA 1:3.4 
Nopah Range 4.8 cm/kyr 5.2 m 1.7 m 0.8 m 1:3.1:6.5 
 
Table 5: Assignment of Milankovitch-scale durations to stratigraphic wavelengths. 
Orbital periods are from Laskar (1999) and Berger and Loutre (1994). Ratios are 
calculated using the means of the two periods.  
 
5.3 Implications for the Shuram Excursion  
 The magnetostratigraphies presented in this study make it possible to directly test 
the synchroneity of the SE in the Death Valley region. The nadir of the SE occurs just 
after an interval of reversed geomagnetic polarity at both the Nopah Range and Winters 
Pass Hills. We use the estimated sediment accumulation rates to calculate the window of 
time relative to the polarity transition preceding the nadir, during which the nadir could 
have occurred at each site (Figure 9C). Uncertainty in the stratigraphic position of the 
reversals is given as the stratigraphic thickness of the zone between measured horizons of 
opposite polarity. We find that the range of times following the reversal when the Nadir 
could have occurred overlaps between the two locations, and thus this portion of the 
carbon isotope stratigraphy is synchronous within the uncertainties discussed. A carbon 
isotope stratigraphy and widely spaced paleomagnetic sampling of the Wonoka 
Formation in Australia (Calver, 2000; Schmidt and Williams, 2010) suggests the nadir of 
the excursion at that locality may also reside near a polarity transition from reversed to 
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normal. This suggests, albeit preliminarily, that the excursion is synchronous between the 
Death Valley and Australia locations as well. Further paleomagnetic development of that 
section would provide a more precise test. 
 According to Verdel et al. (2011), the Winters Pass Hills outcrop of the Johnnie 
Formation records ~10% of the stratigraphically normalized global profile of the SE. This 
is based on the carbon isotope profile of Corsetti and Kaufman (2003) which spans δ13C 
values of -3.9‰ (top of the Johnnie Oolite) through the nadir to recovered value of -
9.3‰ (65.4 m above the Johnnie Oolite). Using an average sediment accumulation rate of 
8.0 ± 1.4 cm kyr-1 yields a duration of 818 ± 122 kyr for this portion of the excursion. An 
extrapolated estimate for the full excursion is therefore 8.2 ± 1.2 Myr. This estimate is 
consistent with the < 10 Myr estimate of Condon et al. (2005) and Zhu et al. (2007). It 
also suggests a less than 1 Myr period for the decline in δ 13C values leading to the nadir 
of the excursion. This 8 Myr duration is significantly shorter than the 30 Myr duration 
used by Bristow and Kennedy (2008) to model the SE as an ocean oxidation event. A 
shorter duration implies a smaller requisite pool of dissolved organic carbon and oxidant 
budget.  A recalculated size of these reservoirs may not be able to preclude the ocean 
oxidation hypothesis as a valid explanation for the Shuram Excursion. 
 Further refinement of the duration of the SE might be accomplished using rock 
magnetic cyclostratigraphy in a formation recording the full excursion (eg. Nafun group, 
Oman; Doushantuo Formation, China; Wonoka Formation, Australia). Haines (1988) 
observed roughly 8 meter cycles of alternating carbonate and fine clastic deposition in a 
fraction of the Wonoka Formation, which he hypothesized may reflect wet dry cycles 
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influenced by orbital oscillations. Cyclostratigraphic analysis of the Wonoka Formation 
could yield a chronostratigraphic estimate of the SE for comparison with this study. 
 
6. Conclusions 
 This study demonstrates cycles in magnetic susceptibility within the Rainstorm 
Member of the Johnnie Formation having frequency ratios similar to those of Earth’s 
orbital oscillations (Milankovitch cycles). We interpret these cycles to represent climate 
driven oscillations in run off and delivery of siliciclastic material to the dominantly 
carbonate Rainstorm Member. Using the best available estimates of the periods for 
Earth’s orbital parameters we estimate a duration of 818 ± 122 kyr for the Shuram carbon 
isotope excursion between values of δ13C -3.9‰ below the nadir and a recovered value of 
-9.3‰ in the Death Valley region. We extrapolate this value to the full stratigraphic 
expression of the excursion to yield an estimate of 8.2 ± 1.2 Myr for the full excursion. A 
regional magnetostratigraphy suggests the nadir of the excursion lies just after a polarity 
transition from reversed to normal at two localities. The computed sediment 
accumulation rates indicate the excursion is synchronous within the Death Valley region. 
These observations provide an opportunity to test the synchroneity and duration of the 
excursion on a global scale, and possibly ascertain if the excursion records a major global 
ocean geochemical change in the late Ediacaran. 
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ABSTRACT 
 In this study, we combine three previously observed stratigraphic features from 
the Wonoka Formation, Flinders Ranges, South Australia, into a single 
chronostratigraphic framework of the Shuram Carbon isotope excursion. High-resolution 
paleomagnetic, C-isotope, and cyclostratigraphic measurements are made for the Wonoka 
Formation at the Bunyeroo Gorge locality. Paleomagnetic directions demonstrate 
apparent stratigraphic polarity zonations, and a paleopole in agreement with a high 
quality paleopole from the Wonoka Formation sampled at Brachina Gorge (-6.6°, 31.8°, 
A95 = 8.4°). The magnetostratigraphy indicates the nadir of the Shuram Excursion occurs 
following a polarity transition from reversed to normal, as is the case in the Death Valley 
expression of the Shuram Excursion (USA). We conclude that within the stratigraphic 
uncertainties of the position of the polarity transition and the nadir of the excursion, the 
excursion is synchronous between the Death Valley and South Australia localities.  
 Time series analysis of the profile of magnetic susceptibility within the Wonoka 
Formation indicates 4:1 bundles of cycles of decreasing magnetic susceptibility, which 
mirrors previous sedimentological recognitions of cyclicity within the Wonoka. 
Additional higher frequency cycles are also recognized with ratios that suggest 
Milankovitch-scale climate forcing at the long eccentricity, short eccentricity, and 
precession scale. An astrochronologic interpretation of the cyclostratigraphy yields a 
duration for the Shuram excursion of 9.9 ± 1.2 Myr, with a 1.0 ± 0.2 Myr lead up to the 
nadir of the excursion. This estimate is in good agreement with the estimated duration of 
the excursion from the Johnnie Formation, USA, the Doushantuo Formation, China, and 
the Shuram Formation, Oman. This globally reproducible chronostratigraphic estimate 
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reinforces the hypothesis that the SE is a primary indicator of Ediacaran Ocean 
chemistry, rather than the result of late diagenesis. Some geochemical models of the SE 
have relied on speculative durations of the excursion (~30 Myr) to estimate the oxidative 
capacity of the Ediacaran oceans and atmosphere. This new estimate of the excursion’s 
duration will likely contribute to more realistic model results. 
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1. Introduction 
 Late Ediacaran strata from around the globe record a large negative shift in 
inorganic carbon isotope values known as the “Shuram Excursion”. The origin and the 
importance of the excursion are controversial. Some argue that the Shuram Excursion 
(SE) represents a major oxidation event within Earth’s oceans, ultimately providing the 
oxygen availability necessary to evolve multicellular and motile Metazoan life towards 
the end of the Ediacaran period (e.g. Fike et al., 2006; Canfield et al., 2007). In this 
model, highly negative C-isotopes in carbonate are thought to stem from oxidation of a 
dissolved organic carbon pool, which was remineralized and incorporated into inorganic 
carbonate sediments (e.g. Rothman et al., 2003). However, others have argued that the SE 
could be a product of diagenesis, and that the stratigraphic level of the SE correlates to 
units that follow Ediacaran faunal radiation in some locations (Grey and Calver, 2007; 
Derry 2010). Thus the SE may have little evolutionary or environmental significance.  
 Germane to the scientific discussion of the nature of the SE is a reliable 
determination of the excursion’s synchroneity around the globe, and its position relative 
to the observed faunal successions in correlative strata.  Furthermore, a determination of 
the excursion’s duration is necessary to model the size of the DOC pool and the oxidant 
capacity required by the oxidation event hypothesis (Bristow and Kennedy, 2008). These 
stratigraphic controls have not yet surfaced at multiple geographic expressions of the SE.  
 There are at least three typical stratigraphic markers that have chronological 
significance on a global scale. These are biostratigraphy, absolute dating (radiometric) of 
interbedded volcanic material, and magnetostratigraphy. Because the relative position of 
the SE to important faunal diversifications is the question of interest, it is not appropriate 
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to use biostratigraphy as a test of the excursion’s global synchroneity, or vice versa. The 
Doushantuo Formation of China contains one ash bed with a U-Pb age of 551 ± 0.7 Ma 
that intersects the SE stratigraphically 
above the nadir (Condon et al., 2005). 
Zhu et al. (2007) and Condon et al. 
(2005) correlate the Doushantuo 
Formation to the Shuram Formation, 
which also contains a single U-Pb age, 
using chemostratigraphy. They estimate 
that the duration of the excursion is 
approximately 9 million years. 
 A magnetic reversal stratigraphy 
for the Johnnie Formation, which 
records a portion of the SE, has been 
produced by Van Alstine and Gillett 
(1979), and reproduced by Minguez et 
al. (chapter 2 of this volume) with direct 
tie points to the SE carbon isotope 
profile. The nadir of the excursion 
occurs just following a correlative magnetic reversal in two localities within the Death 
Valley region, suggesting the excursion is synchronous within that region. Minguez et al. 
(chapter 2) give an estimate of the excursion’s duration of 8.2 ± 1.2 Myr based on an 
astrochronology derived from rock magnetic cyclostratigraphy of the Johnnie Formation. 
  87 
This estimate is in good agreement with the estimate from China and Oman, suggesting a 
possible common duration for the excursion between the two regions.  
 The purpose of this study is to determine a magnetostratigraphy and 
astrochronology for the South Australian expression of the SE in the Wonoka Formation. 
The Wonoka Formation records the entire excursion between zero crossings over a 
sedimentary thickness of roughly 650 meters (Calver, 2000). Schmidt and Williams 
(2010) demonstrate that the Wonoka Formation records an ancient paleomagnetic 
remanence with the potential to yield a reliable magnetostratigraphy. Haines (1988) 
demonstrates 4:1 bundling of cycles consisting of hummocky cross-stratified carbonates 
with thickening upwards bedding and increasing carbonate to sand ratios. He 
hypothesizes two possible climatic forcings of these cycles: wet periods produce high 
clastic delivery to the depositional environment compared to dry periods where 
carbonates dominate, or glacio-eustatic oscillations in sea level limit clastic input to the 
mid shelf during high-stands but allow for clastic input during low stands. As observed in 
previous studies, high clastic input relative to carbonate production yields increased 
concentrations of magnetic particles and increased magnetic susceptibility (Mayer and 
Appel, 1999; Ellwood et al., 2000). Thus a magnetic susceptibility profile of the Wonoka 
Formation should quantitatively reproduce sedimentological observations of the 
competition between siliciclastic and carbonate sediments in the Wonoka Formation as 
observed by Haines (1988). This study produces such a profile, which we test for 
indications of astronomical forcings (Milankovitch-scale ratios) and use to estimate the 
duration of the Wonoka Formation and the SE. We compare the magnetostratigraphy and 
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astrochronology between the Death Valley and South Australia localities as a test of the 
excursion’s synchroneity and duration on a global scale. 
 
2. Geologic Setting 
 The Adelaide Rift Complex (also known as the “Adelaide Geosyncline”) is likely 
the consequence of crustal thinning and the production of accommodation space 
following the impingement of a mantle plume on Rodinia long before its breakup. The 
Gairdner Dyke Swarm, which is associated with the rift complex, gives a U-Th-Pb age of 
827 ± 6 Ma, which is 40 Myr older than breakup-related mafic magmatism from 
Laurentia (Wingate et al., 1998). Geochemical evidence suggests the composition of the 
Gairdner Dyke Swarm is consistent with melts derived from a plume head (Zhao et al., 
1994). Presumably the importance of the Adelaide rift waned as breakup occurred 
throughout Rodinia ca. 780 Ma.  
 The lithostratigraphic framework of the basin fill is reviewed by Haines (1988), 
who also develops a detailed stratigraphy of the Wonoka Formation. “Syn-rift” and 
glaciogenic sediments comprise the basal Umbertana Group, which is capped by the 
Elatina Formation. The Wilpena Group overlies the Umbertana Group and records 
passive margin style sedimentation. The Wonoka Formation falls in the middle of the 
Wilpena Group, and is bounded by major unconformities interpreted by Christie-Blick et 
al. (1995) to be major sequence boundaries.  
 The Wonoka Formation is 700 meters thick, and shallows up from basinal shales 
and fine sand turbidites with occasional limestone beds over the first 300 meters, to 
carbonates containing variable amounts of clastics, and abundant hummocky cross 
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stratification between 300 and 600 meters. The remaining 100 meters contain a mix of 
mud, sand, and carbonate with desiccation cracks, wavy bedding, and stromatolites 
interpreted to indicate a period of subtly fluctuating sea level yielding oscillations 
between lagoon, intertidal and supratitdal environments (Haines 1988). This study 
focuses on the first 600 meters of the Wonoka Formation that is best characterized as an 
outer to middle shelf environment. 
 Haines (1988) further divides the Wonoka Formation into 11 stratigraphic units. 
Units 1 through 7 span the first 600 meters with which we are concerned (and adopt later 
in our Figure 6). The mid-shelf facies begin at unit 5, roughly 300 meters from the base. 
In this upper part of the section exposed at the Mayo Gorge outcrop of the Wonoka 
Formation, Haines (1988) observes thickening upward cycles that are sand rich at the 
base, and carbonate dominated at the top. The sand reddens in color as its concentration 
wanes. The wavelength of these cycles is between 8 and 18 m and occasionally 
thickening upward bundles of 4 cycles can be discerned. Based on a lack of evidence for 
transport of shallow, reworked, algal carbonates to the mid shelf, Haines (1988) 
speculates the micritic carbonate of the upper parts of the section was precipitated 
inorganically in situ, and lithified rapidly on the sea floor, except when siliciclastics were 
periodically delivered to the mid shelf.  
 In late Cambrian time, the Delamerian Orogeny deformed much of the strata and 
basement in the Adelaide Rift Complex. Rocks in the central Flinders Range were the 
least metamorphosed (sub-greenschist grade), implying temperatures below 300 °C 
(Preiss, 2000). Shortening in the central Flinders is thought to be less than 10%, and the 
Wonoka Formation at the Bunyeroo Gorge location is thought to be fault free. 
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3. Methods 
3.1 Sampling 
 Samples for this study were collected from the Wonoka Formation at the well-
marked Bunyeroo Gorge outcrop in the Flinders Ranges, South Australia (Figure 1). 
Stratigraphic section was measured with a Jacob staff. Unoriented samples for rock 
magnetic measurements were collected every 0.4 m. The sampling interval was chosen to 
sample precession at the Nyquist frequency assuming a minimum sediment accumulation 
rate of 5 cm kyr-1. Two or more oriented block samples were collected from horizons at 
an interval of 24 m for paleomagnetic measurements, depending on the availability of 
suitable outcrop. The paleomagnetic sampling interval is half the stratigraphic thickness 
used by Schmidt and Williams (2010), whose results preliminarily indicated the presence 
of horizons with opposite polarity. Orientation of block samples and measurements of 
strike and dip were made using a Brunton compass. Average measured bedding 
orientation for the Wonoka Formation is strike = 190°, dip = 55°. Oriented hand samples 
were drilled in the laboratory to produce standard 25 mm diameter paleomagnetic 
specimens. Unoriented samples and paleomagnetic specimens were trimmed of 
weathered surfaces using a diamond bladed rock saw. 
 
3.2 Paleomagnetic Measurements 
 Measurements of natural remanent magnetizations (NRMs), laboratory 
remanences, and remanences following thermal treatment were made using a 2G 
Enterprises 755 superconducting rock magnetometer at Lehigh University. To resolve the 
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natural components of magnetization, specimens were stepwise thermally demagnetized 
in an ASC thermal demagnetizer in 50 ˚C steps up to 500 ˚C, and in 15-20 ˚C steps up to 
680 ˚C. Principal component analysis of magnetic components was carried out on vector 
end point diagrams following Kirschvink (1980). Components defined by non curved-
paths of at least three demagnetization steps with maximum angular deviation (MAD) 
values less than 15˚ were fit and their peak unblocking temperatures recorded. 
Components that did not trend into the origin with unblocking temperatures below 600 ˚C  
were grouped as component 1. Components trending into the origin with unblocking 
temperatures above 600 ˚C were grouped as Component 2 (ChRM). 
 
3.3 Rock Magnetic Measurements 
 Magnetic susceptibility (χ) was measured to provide a data series for 
cyclostratigraphic analysis. Magnetic susceptibility was measured with a KLY-3s 
Kappabridge and normalized by sample mass (kg). To assess the magnetic mineralogy of 
the Wonoka Formation, a “Lowrie Test” (Lowrie, 1990) was performed on specimens 
from representative lithologies which were imparted with three orthogonal 
magnetizations over decreasing coercivity ranges of 1.2 T (+ x axis), 816 mT (+ y axis), 
and 105 mT (+ z axis) then stepwise thermally demagnetized to ascertain the unblocking 
temperature of each coercivity component. 
 
3.4 Time Series Analysis and Cyclostratigraphy 
 The Bunyeroo Gorge exposure of the Wonoka Formation contains several small 
inaccessible areas (~20 meters or less) between the 180 and 300 m stratigraphic levels. 
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This results in gaps in the data series of magnetic susceptibility. To make the data series 
suitable for Fourier-based spectral analysis (e.g. MTM, Thomson, 1982), the gaps were 
filled using a Singular Spectrum Analysis (SSA) gap-filling algorithm (Vautard et al., 
1992; Ghil, 2002). This procedure fills the gaps using periods determined from the data 
series, and should result in no additional power at spurious frequencies that might occur 
due to linear interpolation between the gaps. 
  The full 600 m data series was filtered prior to analysis to subdue non-periodic 
trends which add power to the secular frequency band as defined by Mann and Lees 
(1996), 0 > f  > pfR, where p is an integer that represents the bandwidth over which 
spectral leakage is minimized, and fR is the Rayleigh frequency. For our choice of p = 3, a 
notch filter was applied to remove wavelengths greater than 200 meters. 
 An evolutionary spectrogram (Kodama and Hinnov, 2015) of the filtered 600 m 
data series of magnetic susceptibility was carried out to determine consistency of cycle 
frequency throughout the stratigraphy, or put another way, to determine the consistency 
of the sediment accumulation rate. Changing sediment accumulation rates can be 
recognized by shifts in the frequencies of stratigraphic cycles in the evolutionary 
spectrogram. The data series was broken into segments where sediment accumulation 
was constant. Each segment was analyzed using Multi-Taper Method spectral analysis 
(MTM, Thomson, 1982; Ghil, 2002). Estimation of robust red noise and confidence 
limits at the 90%, 95%, and 99% level were determined following Mann and Lees 
(1996).  
 To test the hypothesis that observed cycles are related to Milankovitch scale 
forcing, we compare the expected frequency bands for long eccentricity, short 
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eccentricity, obliquity, and precession to the frequency response of the magnetic 
susceptibility data series (the MTM spectra). The frequency of long eccentricity is 
calculated assuming a period of 405 kyr (Laskar, 1999). The frequency band for short 
eccentricity is centered on the second two terms in the expansion of eccentricity from 
Laskar (1999), 95 kyr and 124 kyr.  The frequency band for obliquity and precession is 
centered on the two terms from Berger and Loutre (1994) at 500 Ma: 36 and 30 kyr 
(obliquity), and 19 and 16 kyr (precession). Time frequency is converted to spatial 
frequency (cycles per meter) for the comparison by iteratively calculating the expected 
stratigraphic wavelengths of Milankovitch cycles given different sediment accumulation 
rates. When the expected Milankovitch frequency bands and the statistically significant 
peaks in the MTM spectrum overlap this indicates the overlapping set of stratigraphic 
cycles have Milankovitch scale ratios within the uncertainties of their stratigraphic 
wavelengths (given by the width of the spectral peak) and the uncertainties of the 
Milankovitch periods (given the width of the frequency bands). A sediment accumulation 
rate with uncertainties is determined from the identified short eccentricity peak by 
dividing its stratigraphic wavelength by the duration of short eccentricity and propagating 
the uncertainties through using basic arithmetic rules of error propagation. Uncertainty in 
the stratigraphic wavelength of the short eccentricity cycle is taken as the width of the 
peak above the 95 or 99% confidence levels, and uncertainty in the duration of short 
eccentricity is taken as the difference between the average of the two short eccentricity 
terms, and either the short or long term (109 ± 14.5 kyr).  
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3.5 Carbon Isotope Stratigraphy 
 We measured a carbon isotope stratigraphy in order to precisely tie our 
chronostratigraphic measurements to the profile of the SE. Unoriented hand samples 
collected for the cyclostratigraphy were subsampled based on the existing carbon isotope 
stratigraphy by Calver (2000). Samples were taken at an interval of 20 to 50 meters 
depending on carbonate availability from the base of the section to 80 m, and from 180 to 
600 m. From 80 to 180, where the nadir of the excursion occurs, samples were taken at an 
interval of 10 to 15 m. These subsamples were trimmed, using a diamond tip rock saw, 
and cleaned using a lap wheel and aluminum oxide powder. The subsamples were then 
crushed for whole rock carbon isotope analysis using a mortar and pestle. Sample 
preparation for carbon isotope measurements was carried out following the methods of 
McCrea (1950). Measurement of δ13CVPDB were made using a Finnigan MAT 252 and 
GasBench II automated sampler. δ13CVPDB values were calibrated using the NBS19 
standard for limestone and a house standard. Measurement precision was found to be 
better than 0.1 ‰ on standard runs. 
 
4. Results 
4.1 Natural Remanence 
 Thermal demagnetization of NRMs consistently yielded 2 components of 
magnetization (Figure 2). A low unblocking temperature component was removed with 
variable maximum unblocking temperatures between 300 and 560 °C that points north 
and steeply up in geographic coordinates. A characteristic component was isolated over 
temperature ranges between 500 and 680 °C with maximum unblocking temperatures in 
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excess of 600 °C. The majority of characteristic directions (N=33) point west and shallow 
up with a relatively small number (N=10) pointing east and flat (Figure 3, Table 1). 
 
4.2 Laboratory Remanence 
 Thermal demagnetization of orthogonal IRMs (Lowrie, 1990) demonstrates 
strong acquisition and relative stability of the 816 mT (+y axis) component until 
temperatures of 600 °C are reached, at which point magnetization decays rapidly up to 
680 °C (Figure 4). Specimens from deeply red colored horizons demonstrate essentially 
no drop in magnetization until temperatures of 600 °C (Figure 4A), while those from the 
lighter colored silty-limestone horizons decay gradually until 600 °C, at which point the 
decay rapidly accelerates (Figure 4B). The 105 mT component shows essentially no 
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magnetic moment or decay thereof. The high field (1.2 T) component is weaker than the 
816 mT component, but mirrors its behavior. 
 
 
N Declination Inclination k a95 
East Directions 10 68.4° 0.5° 5.2 21.9° 
West Directions 33 258.6° -24.3° 7.2 9.9° 
Site Mean 43 256.1° -19.0° 6.3 9.4° 
 
Table 1, Mean paleomagnetic directions from the Wonoka Formation: k is the 
precission parameter. 
 
4.3 VGPs, Paleopoles, and Magnetic Polarity Zonations 
 To determine a paleopole from our results, we flip the east pointing characteristic 
directions 180° to the western hemisphere, then calculate individual sample VGPs 
(virtual geomagnetic poles) for all characteristic directions and average them. The result 
is a paleopole located at -6.6°, 31.8° (A95 = 8.42) which is in excellent agreement with 
the paleopole from Schmidt and William (2010) from the Wonoka Formation sampled at 
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the Brachina Gorge (-5.2°, 30.5°, dp =3.6, dm = 6.8, Q = 6). The stratigraphic pattern of 
ChRM declinations as well as the distance between individual VGPs and the mean 
paleopole for the site (Δ VGP) correlate well to the stratigraphic pattern of Schmidt and 
Williams (2010). Both the Bunyerro Gorge and Brachina Gorges demonstrate a relatively 
long (200 – 300 m) span of west pointing directions. At the Bunyeroo Gorge section the 
higher sampling interval reveals at least 8 stratigraphic zonations of paleomagnetic 
directions (Figure 5). 
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4.4 Magnetic Susceptibility Profile 
 The magnetic susceptibility profile exhibits variability on multiple scales (Figure 
6). The largest amplitude changes occur on the meter scale. A 14 m running average 
subdues the short wavelengths sufficiently to observe the longer wavelength variability. 
Superimposed on roughly 100 m cycles are clear ~30 meter oscillations. These 
oscillations show up with high power in the low frequency portion of the evolutionary 
spectrogram (Figure 6, marked with a dashed line). The evolutionary spectrogram 
indicates 5 segments of distinct but internally constant cyclicity. They are 
• Segment 1: From the base of the section to roughly 170 m (units 1, 2, and 3 of 
Haines, 1988), basinal shales and turbidites with occasional limestone beds 
demonstrate high power in the low frequency range (f < 0.2 cycles m-1) and in the 
high frequency range (f >0.8 cycles m-1) but low power in the intermediate 
frequencies.  
• Segment 2: At the lithologic boundary between basinal facies and shallower 
alternating beds of shale and limestone (Unit 4 of Haines, 1988) there is a distinct 
change to high power at intermediate frequencies and low power elsewhere. The 
absence of power in the middle of the segment is due to the gap in the 
stratigraphy. 
• Segment 3: At the boundary between unit 4 and unit 5 (alternating shale and 
limestone to more dominant limestone) there is very high power at low 
frequencies but power in the intermediate frequencies wanes through the middle 
of the section, then increases again towards the top of the unit. 
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• Segment 4: At the top of unit 5 and into unit 6 there is very low power at low 
frequencies, (wavelengths of roughly 30 meters) which is uncharacteristic of the 
rest of the stratigraphy. 
• Segment 5: At the top of unit 6, transitioning from calcareous sand and mud to a 
dominant limestone (still with cyclic contamination by siliclastics) power 
increases again in the low frequency bands and is generally consolidated at 
frequencies lower than 0.3 cycles m-1. 
 We perform MTM spectral analysis on the 5 segments of the magnetic 
susceptibility profiles separately. Spectral power rises above the 95 to 99% confidence 
level with respect to the robust red noise at frequencies corresponding to wavelengths 
between 25 and 40 m in all of the subsections except for the calcareous sand and 
mudstone unit near 450 m (unit 6 of Haines, Figure 7). Sediment accumulation rates for 
each section are iteratively calculated to match the distribution of spectral power with the 
expected astronomical bands, but anchoring the longest period orbital oscillation (long 
eccentricity) to the 25-40 m cycle following the interpretation of Haines (1988). In 3 of 
the 5 stratigraphic segments we are able to obtain a match between statistically 
significant spectral power and the frequency bands for long eccentricity (405 kyr), short 
eccentricity (124 – 95 kyr), and precession (19 – 16 kyr) (segment 1, 3, and 5).  
 Two of the stratigraphic sections (2 and 4, 180-320 m and 420-480 m) do not 
yield a satisfactory match between observed spectral density and long eccentricity. The 
180–320 m section has several stratigraphic gaps that have been filled using the SSA 
protocol which draws on the cycles from the rest of the stratigraphy. This produces a 
large peak centered on 40 m ± 11.9 m which is not necessarily characteristic of that 
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section of the stratigraphy. For segment 2 we base our spectral fit on the best matches for 
short eccentricity and precession. We use the same criteria for the short section between 
420 and 480 m, which contains no power above the red noise at the expected frequency 
for long eccentricity. 
 
4.5 Carbon Isotope Stratigraphy 
 The carbon isotope profile measured here essentially reproduces the profile from 
Calver (2000). Our sample from the top of the Wearing dolomite (the basal unit of the 
Wonoka Formation) has a δ13CVPDB value of -2.3‰, which decreases to a minimum value 
of -9.7‰, before recovering slightly and holding steady near -7‰ until a sudden decline 
begins around the 600 m mark (Figure 8). Calver (2000) produces a more depleted value 
for the nadir of the excursion near -11.0‰. Calver (2000) selected samples based on 
apparent alteration of carbonate species observed in thin section for isotopic analysis, 
where as here we had no a priori knowledge of carbonate alteration at that level of detail, 
which could explain the discrepancy. 
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5. DISCUSSION 
5.1 Magnetostratigraphy 
  The paleomagnetic results 
from this study have similar statistical 
characteristics as those obtained for the 
Wonoka Formation from the Brachina 
Gorge by Schmidt and Williams 
(2010). Characteristic directions are 
bimodally distributed in the eastern and 
western hemispheres. Angular 
separation between the means of the 
east and west populations are 149.1° at 
Brachina Gorge, and 154.2° at 
Bunyeroo Gorge. The precision 
parameter k is 8.10 and 6.34 at 
Brachina and Bunyeroo, respectively. 
Neither set of results passes the 
reversals test (McFadden and 
McElhinny, 1990). When the east 
pointing directions are flipped to the west hemisphere, a comparison of the means of the 
two populations shows that their 95% confidence cones overlap, but do not encompass 
the mean of the other population indicating an indeterminate result for the Watson test for 
a common mean.   
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Figure 6, Magnetic susceptibility profile evolutionary spectrogram: A) Stratigraphy of the 
Wonoka Formation at Bunyeroo Gorge, unit descriptions and contacts are from Haines (1988), 
note the Wearing Dolomite occupies the first 2 m of stratigraphic section, B) Mean centered 
magnetic susceptibility profile (black line) with 14 m running average (green line) C) Evolutionary 
spectrogram of susceptibility profile indicates relative spectral density as a function of 
stratigraphic position. Dashed lines indicate step changes cycle characteristics described in text. 
Vertical dashed lines with solid dots are superimposed on the interpreted long eccentricity cycle.   
 Schmidt and Williams (2010) suggest failure of the reversals test by the Wonoka 
data may be due to under-sampling of the east population of directions, leading to a 
directional bias. However, our resampling of this population, with essentially the same 
result, would seem to suggest otherwise. Schmidt and Williams (2010) find that their data 
passes the fold test at 99% confidence level, indicating the ChRMs predate the Late 
Cambrian Delamerian Orogeny. This leads us to one of three possibilities, either the 
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Ediacaran geomagnetic field does not average to a strict dipole over time, the sampling 
strategy employed here does not adequately average out secular variation, or there is 
some unresolved overprint in the data. Both populations of directions (from both studies) 
have a preponderance of up directions in geographic and stratigraphic coordinates. The 
component 1 directions also points north and up, and appears to unblock just below 600 
°C. It is possible that this component has not been fully removed from the ancient 
magnetization at the higher thermal demagnetization steps.  
 The ChRMs are almost certainly carried by hematite. Unblocking temperatures of 
natural and laboratory remanence is in excess of 600 °C, with distinct drops between 650 
and 680 °C. Whether or not the hematite population is detrital or chemical in origin is a 
question raised by Schmidt and Williams (2010). The authors concluded that the 
magnetization of the underlying Nucaleena formation, also carried by hematite, was 
diagenetic, with acquisition potentially contemporaneous with the formation of 
desiccation cracks during subaerial exposure. They speculate the Wonoka Formation may 
also carry a diagenetic remanence. However, the Wonoka Formation shows no evidence 
for subaerial exposure at the Bunyeroo Gorge section below the 600 m stratigraphic level. 
On the contrary, sedimentological features indicate water depths of 50 m or greater for 
the entire 600 m section studied here (Haines, 1988). It seems improbable that the arkosic 
sand fraction could break down chemically yielding an iron oxy-hydroxide precursor, and 
then be oxidized into hematite at these water depths. Apparently there was also little 
reduction of iron oxides occurring during Wonoka time as we observe no iron sulfides in 
any of our magnetic experiments. Hematite grain coatings on calcareous sands observed 
by Haines (1988) could be inherited from weathering in a terrestrial environment. Indeed 
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petrographic examination indicates there is abundant carbonate cement throughout the 
Wonoka Formation. We therefore conclude that the ChRMs in the Wonoka Formation 
are most likely detrital in nature. The stratigraphic zonation of ChRMs likely indicate 
geomagnetic polarity, albeit weakly overprinted by a modern direction. We assign normal 
polarity to western directions based on the orientation of Australia in the Neoproterozoic 
paleogeography synthesis by Li et al. (2008). 
 
5.2 Rock Magnetic Cyclostratigraphy & Astrochronology 
 The magnetic susceptibility profile reproduces the observations of Haines (1988) 
of four to one bundled packages at wavelengths near 40 and 10 meters (Table 2). Haines 
(1988) observed thickening upward cycles that he attributed to increasing carbonate 
relative to clastic input. The ~30 m cycles in magnetic susceptibility decrease in 
magnitude up cycle, which is consistent with an increasing relative contribution of 
carbonate (Figure 6). In addition to the 4:1 bundles observed by Haines (1988) 
representing long and short eccentricity, we also observe significant spectral power in the 
expected precession band throughout the entire formation. The expected ratios for long 
eccentricity to short eccentricity to precession at 500 Ma is 405:95:16 kyrs = 1:4:25. We 
consistently observed ratios of cycles in magnetic susceptibility of 1:4:~26, suggesting a 
potentially shorter duration for precession then expected (Table 2). 
 The weak expression of spectral power in the expected obliquity band, but 
relatively strong (95% confidence) expression of power in the precession band could be 
interpreted as a dominance of low latitude monsoon (storm) driven run off of deeply 
weathered terrestrial clastics into the paleocontinental margin. But climate dynamics at 
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this time are uncertain. We conclude that, in what appears to be relatively constant water 
depth and therefore available accommodation, climate driven variability in storm driven 
clastic delivery to the paleomargin is more likely to control cyclicity rather than glacio-
eustacy. 
 It is noteworthy that Milankovitch-scale cyclicity is encoded at the bottom of the 
Wonoka Formation, which is dominated by basinal turbidites. The scale of a complete 
turbidite sequence at this locality is on the order of a meter, starting with fine sand at the 
bottom grading up into fissile shale at the top, followed by a sharp erosional contact 
below the next fine sand. The strong peak at a frequency of 0.9 cycles m-1 in the MTM 
spectral estimate of this section corresponds well with the stratigraphic wavelength of 
these turbidites (1.1 to 0.9 m). This observation indicates that some autogenic processes 
in the sediment routing system might be observed in the power spectrum of a given 
stratigraphic property. In the case of the Wonoka Formation, there are several strong 
peaks in the power spectra that might indicate other unrecognized threshold or autocyclic 
processes (Figure 7). In the case of the Wonoka turbidites, we suggest the event beds 
integrate the climate signal from the source area. The theoretical framework explaining 
this phenomena has been recently explored by Jerolmack and Paola (2010), who show 
periodic signals with sufficient amplitude or wavelength can be propagated through an 
autocyclic depositional system (in their case both numeric and analogue rice piles). Our 
results draw a direct real world parallel to their results in demonstrating climate signals 
propagated through an autocyclic depositional system (turbidites).  
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5.3 Implications for the Shuram Excursion 
 The nadir of the SE occurs on the cusp of a polarity transition from reversed to 
normal polarity in the Wonoka Formation.  The same stratigraphic relationship exists for 
the SE in the Death Valley region, USA (Figure 8). At each location there is some 
uncertainty in the precise position of the polarity transition (given by the thickness of the 
horizon bounded by specimens with opposite polarity), and some uncertainty in the 
position of the nadir (given as the thickness of the horizon bounded by samples having 
carbon isotope values that are enriched relative to the nadir). Using the derived sediment 
accumulation rate for the bottom segment of the stratigraphy, we calculate the maximum 
amount of time before and after the magnetic reversal the nadir could have occurred, and 
compare it to a similarly derived result from the Johnnie Formation in Death Valley 
(Figure 8 C). At the two localities within the Death Valley Region, and in the Wonoka 
Formation, this interval overlaps in time. We may be able to conclude that the nadir 
follows the reversal based on the stratigraphic position of the nadir at the Winters Pass 
Hills Locality, but otherwise we cannot argue that the occurrence of the nadir is 
diachronous between the three locations. Thus we conclude that the nadir of the 
excursion is synchronous between Death Valley and the Flinders Ranges. A second 
reversal intersects the SE at a local minima in the carbon isotope stratigraphy from the 
Flinders Ranges, and at the Winters Pass Hills locality of Death Valley. However, this 
Figure 7, MTM spectral analysis of magnetic susceptibility profile segments with 
constant sedimentation rates as interpreted from the evolutionary spectrogram  
(Figure 5):  Gray boxes indicate the expected frequency ranges of long eccentricity, short 
eccentricity, obliquity, and precession given the optimized sediment accumulation rate. Y 
axis of MTM spectrograms are spectral density x 1015. Robust red noise, 90, 95, and 99% 
confidence levels are superimposed on each MTM spectral estimate. 
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second reversal seems to occur after the minima observed in the Nopah Range. It is 
possible that the carbon isotope profiles have more detail than is resolved here, and that 
this is not necessarily a good indicator of synchroneity or diachroneity. Alternatively 
there could be local differences in the recovery of carbon isotope values between sites.  
 To estimate the total duration of the Wonoka Formation, and thus the SE, we 
multiply the sediment accumulation rates for each segment of the magnetic susceptibility 
profile by the thickness of the segment and sum them, to arrive at a total duration of 9.5 ± 
1.1 Myr for 600 m of section. According to the carbon isotope stratigraphy of Calver 
(2000) the zero crossings of the excursion should lie just below our lowest C-isotope 
sample in the Wearing Dolomite, and roughly 50 m above our last sample from the 
Wonoka Formation. Extrapolating the sediment accumulation rate of the upper most unit 
for that extra 50 meters yields a total duration of 9.9 ± 1.2 Myr. The decline of carbon 
isotope values from 0‰ to the nadir of -11‰ occurs over a stratigraphic distance 
between 88.4 and 110.8 meters. This indicates a decline in C-isotope values taking place 
over 1.0 ± 0.2 Myr which is within the modeled oxidative capacity of the Earth’s oceans 
and atmosphere of Bristow and Kennedy (2008). However, the sustained depleted carbon 
isotope values over the subsequent 8 to 9 Myr would greatly exceed their oxidative 
budget. There are now three estimates for the duration of the SE excursion from 
geographically distant localities of ~9 Myr (USA, China, Oman, and Australia). Given 
the apparent synchroneity of the excursion relative to paleomagnetic markers at two of 
these localities, and the consistency of its duration between the localities, it seems 
unlikely that diagenesis could be the excursion’s cause. But it is clear that the DOC stock 
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and oxidative capacity of the Ediacaran oceans and atmosphere need to be recalculated 
given this consistently shorter duration.  
 
Stratigraphic 
Interval (m) 
Sediment 
accumulation 
rate (cm kyr-1) 
Long 
eccentricity 
(m) 
Short 
eccentricity 
(m) 
Obliquity 
(m) 
Precession 
(m) LE:E:P 
0 - 180 9.9 ± 1.4 40.3 ± 11.0 10.9 ± 0.4 NA 1.8 ± 0.02 1:4:22 
180 - 320 4.9 ± 0.7 NA 5.4 ± 0.3 NA 0.8 ± 0.00 1:4:27* 
320 - 420 5.2 ± 0.7 24.9 ± 4.4 5.7 ± 0.8 1.7 ± 0.01 0.9 ± 0.00 1:4:28 
420 - 480 5.4 ± 0.8 NA 5.9 ± 1.1 NA 0.9 ± 0.05 1:4:26* 
480 - 600 6.7 ± 0.9 31.4 ± 5.8 7.2 ± 0.6 NA 1.2 ± 0.01 1:4:26 
Low Ideal 
 
405000 yrs 94932 yrs 
 
16207 yrs 1:4:25 
High Ideal 
 
405000 yrs 123945 yrs 
 
19029 yrs 1:3:21 
Table 2, stratigraphic wavelength of interpreted Milankovitch cycles: Sediment 
accumulation rate is given using the stratigraphic wavelength of short eccentricity and the 
duration of short eccentricity from Laskar, 1999. *Indicates horizons without spectral 
power at the expected frequency for long eccentricity. Ratios for these horizons are 
calculated based on the expected stratigraphic wavelength of long eccentricity, given the 
observed stratigraphic wavelength of short eccentricity. LE = long eccentricity, e = short 
eccentricity, P = precession. 
 
6. Conclusions 
 In this study, we synthesize three previously observed stratigraphic phenomena 
from the Wonoka Formation, SA, into a succinct chronostratigraphic framework of the 
Shuram carbon isotope excursion. Paleomagnetic observations (Schmidt and Williams, 
2010), a carbon isotope profile (Calver, 2000), and the cyclic presentation of sedimentary 
packages (Haines, 1988) observed at disparate localities within the Flinders Ranges, are 
reproduced and unified at the Bunyeroo Gorge outcrop. The paleomagnetic 
measurements and rock magnetic cyclostratigraphy yield a magnetostratigraphy tied to 
the carbon isotope profile, and an astrochonrologic estimate of the duration of the Shuram 
carbon isotope excursion. This chronostratigraphic framework suggests the excursion is 
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synchronous between the Death Valley and Flinders Range localities, with concordant 
estimates of the duration of the excursion of 9.9 ± 1.2 Myr, with a 1.0 ± 0.2 Myr lead up 
to the nadir. There are however, subtle differences relative to the magnetic reversal 
stratigraphy elsewhere in the carbon isotope profile, which may suggest local differences 
in ocean chemistry. We argue that a diagenetic mechanism of the SE is unable to explain 
the synchroneity of the SE between Death Valley and the Flinders Ranges, and the 
concordant durations of the SE form Death Valley, the Flinders Ranges, Oman, and 
South China (note that magnetostratigraphes have not yet been measured for the Oman 
and South China expressions of the excursion to fully test their synchroneity). We also 
suggest that the duration of the excursion implies much smaller required DOC pools and 
oxidants in the Ediacaran Ocean’s and Atmospheres than originally required by the ocean 
oxygenation event hypothesis, and these stocks should be re-examined using the new 
estimates of the excursion’s duration. 
 
 
 
 
Figure 8, Chronostratigraphic Key for the Shuram Excursion including data from 
the Wonoka Formation (Fliders Ranges, south Australia) and the Johnnie 
Formation (Death Valley, USA, Chapter 2): Magnetostratigraphy and the carbon 
isotope profile are shown. Gray boxes with solid outlines indicate the uncertainty in the 
stratigraphic position of magnetic reversals. Gray boxes with dashed outlines indicate 
the uncertainty in the stratigraphic position of the nadir of the Shuram Excursion. C) 
Indicates the time range relative to the magnetic reversal that the nadir could have 
occurred based on the sediment accumulation rates for each locality and the 
uncertainties in the stratigraphic position of the nadir and reversal. 
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APPENDIX 1: ROCK MAGNETIC CYCLOSTRATIGRAPHY OF THE OATKA 
CREEK MEMBER OF THE MARCELLUS FORMATION 
D. Minguez1, K.P. Kodama1, T. Engelder2 
1 Department of Earth and Environmental Science, Lehigh University, 1W. Packer Ave, 
Bethlehem, PA 18015 
2Department of Geosciences, The Pennsylvania State University, University Park, 
Pennsylvania 16802,  
 
1. Introduction 
 In the course of a paleomagnetic study of the Oatka Creek Member of the 
Marcellus Formation (Chapter 1), a profile of magnetic susceptibility was also measured. 
The intent of these measurements was to determine a rock magnetic cyclostratigraphy for 
the Oatka Creek Member. Unlike the Johnnie Formation (Chapter 2) and the Wonoka 
Formation (chapter 3) which are mixed carbonate/clastic formations, the Oatka Creek 
Member is a monolithologic basinal shale. Thus the canonical model of carbonate 
dilution by climate driven input of siliciclastics does not apply. Some studies have shown 
Milankovitch scale cyclicity using magnetic susceptibility in deep marine rocks 
consisting of alternating layers of carbonate and shale (Ellwood et al., 2008; Wu et al., 
2012). In these cases magnetic susceptibility tracks the change in rock type. However, 
there is little evidence for the encoding of Milankovitch scale cyclicity in the rock 
magnetic properties of monolithologic shale. Thus this magnetic susceptibility profile 
presented here offers an opportunity to assess the potential for rock magnetic 
cyclostratigraphy in formations where fine clastic input is dominant. 
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2. Methods 
 To provide a high-resolution profile of low field magnetic susceptibility, 462 25 
mm diameter paleomagnetic specimens were measured using a KLY-3s, Kappabridge. 
Samples were obtained from a drill core from the Valley and Ridge province of 
Pennsylvania (Chapter 1, Figure 1). Sample spacing was approximately 25 cm depending 
on the suitability of the core for drilling. Measurements of magnetic susceptibility were 
normalized by sample mass (kg). The time series was resampled to obtain even spacing 
using linear interpolation, and subsequently filtered to remove wavelengths greater than 
2fR (twice the Rayleigh Frequency, 60 m). Time series analysis was carried out using 
Multi-Taper-Method spectral analysis (Thomson, 1982), with statistical confidence 
intervals above the robust red noise estimated following Mann and Lees (1996), as well 
as with evolutionary Fourier analysis (Kodama and Hinnov, 2015). 
 
3. Results and Discussion 
 The profile of magnetic susceptibility demonstrates a down core decrease in 
magnitude (Figure 1). The bottom 20 meters of the core have been variably intruded as 
evidenced by calcite veins, and there is a major dip in the magnetic susceptibility 
between 430 and 440 meters. Samples immediately above and below this dip have higher 
susceptibilities than are found in the rest of the core. The magnetizations of specimens 
from the bottom 20 meters of the core are intense, and the paleomagnetic directions have 
been reset (Chapter 1). Evolutionary spectral analysis indicates relatively high spectral 
power at low frequencies (corresponding to a wavelength of ~18 m) in the bottom 30 
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meters but essentially no spectral power at higher frequencies. The middle portion of the 
core between 350 and 400 m exhibits moderate spectral power at frequencies centered on 
0.6 cycles m-1, and relatively low power for 0.6 < f < 0.2.  
 Given the high degree of alteration in the bottom 20 meters, it is unlikely that the 
long wavelength signal present there is depositional in nature. MTM analysis of the top 
100 meters of the core (Figure 1 C) indicate that cycles with wavelengths of 2.4 and 2.0 
meters are significant at the 99% confidence level. There is no combination of peaks with 
significance above the 90% confidence level with ratios suggestive of orbitally forced 
climate oscillations being recorded in the Oatka Creek member.  
 Although a biostratigraphy for this locality is not developed, Brett et al., (2011, 
and references therein) show that the Oatka Creek member in the northwest Appalachian 
basin is confined to the Hemiansatus conodont Zone at its top, and the Kockelianus 
conodont zone at its base. According to a calibration of the conodont timescale by 
Kaufmann (2006) using U-Pb ages, this interval represents roughly 1 Myr. 120 meters of 
sediment accumulated over a period of 1 Myr indicates an average accumulation rate of 
12 cm kyr-1 (not accounting for compaction). This sediment accumulation rate yields a 
duration of 20 and 17 kyr for the 2.4 and 2.0 m cycles, which is precisely the expected 
duration of the two terms in precession calculated by Berger and Loutre (1994) for 380 
Ma. Thus a portion of the Oatka Creek Member appears to preserve a record of orbitally 
forced climate at the scale of precession in magnetic susceptibility. However, the signal is 
not consistently preserved.  
 The Oatka Creek Member of the Marcellus Formation contains little depositional 
carbonate. Petrographic examination of thin sections from this core show organic rich 
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mud, very fine quartz sand, and only occasional calcite microfossils. Thus a dilution 
effect of the magnetic signal by higher carbonate productivity is unlikely. We 
hypothesize a dilution effect of the relatively magnetic clay particles could be achieved 
by variations in organic material productivity and preservation. A study of the Oatka 
Creek Member in the Northern Appalachian Basin by Werne et al. (2002) shows variable 
organic carbon weight % throughout the core, (from 2 to 18%) which could explain the 
variability in magnetic susceptibility. Since organic matter content varies throughout the 
entire formation, an explanation is required for the lack in corresponding persistent 
cyclicity in magnetic susceptibility. 
 The amplitude of magnetic susceptibility variability is clearly higher in the 
stratigraphic interval between 350 and 400 m, where the evolutionary spectrogram 
demonstrates moderate spectral power. During this interval it is possible that the disparity 
between organic matter input and siliciclastic input was sufficiently large to render the 
cycles observable, indicating an amplitude threshold for signals propagating through this 
depositional system. Such an increase in amplitude could have been achieved by 
modulation of the precession cycle by eccentricity. The middle portion of the Oatka 
Creek Member contains periodic large spikes in magnetic susceptibility that could be 
explained by occasional spikes in terrestrial runoff.  
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APPENDIX 2: PALEOMAGNETIC DATA FROM THE OATKA CREEK 
MEMBER OF THE MARCELLUS FORMATION (CHAPTER 1) 
Table 1: Paleomagnetic fits to alternating field demagnetization steps as described in 
Chapter 1. Data listed are: Sample: Sample Name, Tilt Corrected Meters: Stratigraphic 
position in meters after corrected for bedding dip (not true depth below subsurface), 
Comp: Component of magnetization as described in chapter 1, Geo Dec: Magnetic 
declination in geographic coordinates, Geo Inc: Magnetic inclination in geographic 
coordinates, Tilt Dec: Magnetic declination in tilt corrected coordinates, Tilt Inc: 
Magnetic inclination in tilt corrected coordinates, Demag Steps: Number of AF 
demagnetization steps fit, MAD: Maximum Angular Deviation of fit. 
Sample	  
Tilt	  
Corrected	  
Meters	   Comp	  
Geo	  
Dec	  
Geo	  
Inc	  
Tilt	  
Dec	  
Tilt	  
Inc	  
Demag	  
Steps	   MAD	  
RB-­‐1	   327.3	   A	   253	   55.9	   218.3	   44.4	   3	   1.5	  
RB-­‐2	   327.5	   A	   264.5	   69.3	   206.6	   56.3	   3	   2.7	  
RB-­‐3	   327.9	   A	   111	   84.1	   157.9	   56.3	   3	   2.9	  
RB-­‐5	   328.1	   A	   220.8	   61.3	   196.5	   38.1	   3	   2.5	  
RB-­‐6	   328.4	   A	   244.6	   66.5	   203.3	   48.6	   4	   1.9	  
RB-­‐7	   328.6	   A	   251	   66	   206.4	   50.4	   4	   2.5	  
RB-­‐8	   328.9	   A	   260.1	   67	   208.2	   53.9	   3	   3.4	  
RB-­‐9	   329.2	   A	   260.6	   64.7	   211.8	   52.8	   5	   3.3	  
RB-­‐10	   329.5	   A	   253.2	   66.8	   206.1	   51.5	   5	   2.8	  
RB-­‐11	   329.7	   A	   235.8	   64.6	   201.3	   44.7	   4	   2.1	  
RB-­‐12	   329.8	   A	   224.6	   66.7	   194.5	   43.4	   3	   3.4	  
RB-­‐13	   330.1	   A	   246.1	   71.5	   197.8	   52.3	   5	   3.6	  
RB-­‐14	   330.3	   A	   227.7	   65	   197.2	   43	   4	   4.3	  
RB-­‐15	   330.6	   A	   163.3	   72	   165.4	   42.1	   4	   5.5	  
RB-­‐16	   331.0	   A	   159.3	   76.2	   164.3	   46.2	   4	   5.2	  
RB-­‐17	   331.2	   A	   295.7	   84.9	   175.9	   63	   3	   1.7	  
RB-­‐18	   331.4	   A	   303.8	   81.9	   180.4	   65.3	   3	   3.4	  
RB-­‐19	   331.7	   A	   252.4	   67.3	   205.1	   51.5	   4	   3.9	  
RB-­‐20	   332.0	   A	   254	   62.3	   212.1	   49.2	   3	   2.8	  
RB-­‐21	   332.2	   A	   271.1	   84.2	   178.6	   60.8	   3	   4.8	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RB-­‐22	   332.3	   A	   344.7	   74.7	   169.3	   75.2	   4	   4.3	  
RB-­‐23	   332.5	   A	   165.3	   77.3	   166.5	   47.3	   4	   2.6	  
RB-­‐24	   332.8	   A	   121	   78.3	   153.6	   51	   3	   4.7	  
RB-­‐25	   333.1	   A	   156.3	   70.1	   162.3	   40.4	   4	   2.5	  
RB-­‐26	   333.4	   A	   102.7	   81.7	   153.6	   55.8	   3	   2.1	  
RB-­‐27	   333.6	   A	   353.1	   85.3	   166.1	   64.9	   3	   1.7	  
RB-­‐28	   333.9	   A	   326	   83.4	   173.1	   66.2	   3	   5	  
RB-­‐31	   334.1	   A	   339	   81.4	   169.9	   68.4	   3	   4.1	  
RB-­‐32	   334.4	   A	   293.3	   87.5	   171.1	   61.5	   3	   3.3	  
RB-­‐33	   334.7	   A	   229.2	   68.5	   195	   46.2	   3	   1.5	  
RB-­‐34	   334.7	   A	   290	   60.9	   230	   62.8	   3	   5.2	  
RB-­‐35	   335.0	   A	   258.2	   81.3	   184.2	   59.1	   3	   1.3	  
RB-­‐36	   335.3	   A	   0.4	   75.9	   155.4	   73.3	   3	   3.9	  
RB-­‐37	   335.5	   A	   266.8	   76.5	   193.9	   59.6	   5	   6.1	  
RB-­‐38	   335.8	   A	   268.3	   57.6	   224.9	   51.9	   3	   5.1	  
RB-­‐40	   336.0	   A	   284.8	   80	   186.9	   63.1	   3	   1.8	  
RB-­‐41	   336.4	   A	   207.6	   73.3	   182.6	   46	   3	   2.9	  
RB-­‐43	   336.6	   A	   205	   74.1	   181.2	   46.2	   3	   2.7	  
RB-­‐44	   336.9	   A	   222.4	   82.6	   177.7	   55	   3	   2.2	  
RB-­‐45	   337.1	   A	   196.6	   72.5	   178.9	   44	   4	   1	  
RB-­‐46	   337.2	   A	   196.6	   76.9	   176.4	   48.2	   3	   4.2	  
RB-­‐48	   337.5	   A	   167.9	   76	   167.5	   46.5	   3	   1.3	  
RB-­‐49	   337.8	   A	   222.9	   78.5	   182.2	   52.4	   3	   3.6	  
RB-­‐50	   338.0	   A	   237.2	   80.6	   182.2	   55.7	   3	   2.3	  
RB-­‐51	   338.3	   A	   315.2	   75.3	   189.9	   70.2	   3	   3.5	  
RB-­‐57	   338.5	   A	   352.4	   86.8	   166.2	   63.2	   3	   5.5	  
RB-­‐58	   338.8	   A	   197.2	   84.8	   171.5	   55.3	   3	   1.6	  
RB-­‐59	   339.1	   A	   2.3	   82.2	   161.7	   67.3	   3	   2.4	  
RB-­‐60	   339.3	   A	   350.7	   80.4	   165	   69.6	   3	   2	  
RB-­‐61	   339.6	   A	   204.9	   74.3	   181	   46.8	   4	   1.5	  
RB-­‐62	   339.7	   A	   159.8	   71.7	   163.6	   41.8	   3	   2.7	  
RB-­‐63	   339.9	   A	   176.1	   74.7	   170.1	   44.7	   3	   1.8	  
RB-­‐65	   340.2	   A	   183.1	   73	   173.4	   43.5	   3	   1.3	  
RB-­‐66	   340.5	   A	   164.5	   68.6	   165.5	   38.5	   3	   3	  
RB-­‐67	   340.8	   A	   208.1	   78.4	   179.2	   50.7	   3	   3.6	  
RB-­‐68	   341.0	   A	   182.9	   69.9	   174.2	   40.6	   3	   4.4	  
RB-­‐69	   341.3	   A	   190.6	   66.6	   178.4	   37.7	   4	   3.4	  
RB-­‐70	   341.5	   A	   166.8	   70.2	   166.9	   40.2	   4	   3.6	  
RB-­‐71	   341.9	   A	   215.7	   85.9	   172.8	   57.2	   3	   1.9	  
RB-­‐72	   342.1	   A	   148.2	   82.1	   163.2	   52.8	   3	   3.1	  
RB-­‐73	   342.3	   A	   186.2	   71.1	   175.2	   41.7	   3	   3.7	  
RB-­‐74	   342.5	   A	   172.8	   82.5	   168.3	   52.9	   3	   4.7	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RB-­‐75	   342.8	   A	   185.5	   73.6	   174.3	   44	   3	   3.8	  
RB-­‐76	   343.0	   A	   112.8	   82.5	   156.3	   55.2	   3	   2.5	  
RB-­‐77	   343.4	   A	   200.8	   80	   175.9	   51.3	   3	   2.2	  
RB-­‐78	   343.6	   A	   150.3	   72.3	   160.3	   42.7	   3	   5.6	  
RB-­‐79	   343.9	   A	   237.5	   87.7	   170.9	   59.2	   3	   2.8	  
RB-­‐80	   344.1	   A	   81.6	   75.9	   141.3	   56.4	   3	   5.2	  
RB-­‐81	   344.4	   A	   194	   82	   172.8	   52.7	   3	   2.5	  
RB-­‐82	   344.6	   A	   211.4	   82.1	   176.2	   53.7	   3	   2.7	  
RB-­‐84	   344.7	   A	   241.9	   83.3	   179.2	   57.8	   3	   5.7	  
RB-­‐85	   345.0	   A	   218.8	   77.5	   183.2	   51	   3	   3.5	  
RB-­‐86	   345.3	   A	   213.6	   74.6	   183.8	   47.9	   3	   3.1	  
RB-­‐87	   345.5	   A	   229	   83.4	   177.8	   56.6	   3	   2.1	  
RB-­‐88	   345.8	   A	   336.2	   87.1	   168.2	   62.9	   3	   3.5	  
RB-­‐89	   346.1	   A	   182.9	   82.2	   170.4	   52.6	   3	   2.7	  
RB-­‐92	   346.4	   A	   259.4	   75.8	   193.9	   57.5	   3	   3.2	  
RB-­‐94	   346.7	   A	   282	   76.8	   194.4	   63.2	   3	   4	  
RB-­‐95	   346.9	   A	   201.8	   74	   180	   46.1	   4	   4.1	  
RB-­‐96	   347.2	   A	   200	   81.2	   174.7	   52.4	   3	   3	  
RB-­‐97	   347.2	   A	   171.7	   79.7	   168.3	   49.7	   3	   2.8	  
RB-­‐98	   347.5	   A	   209.7	   74.2	   182.5	   47.3	   3	   7.3	  
RB-­‐99	   347.8	   A	   238.6	   73.9	   192.2	   51.9	   3	   6	  
RB-­‐100	   348.0	   A	   185.4	   74.3	   173.9	   45	   3	   5.6	  
RB-­‐101	   348.3	   A	   162.6	   84.8	   166	   54.7	   3	   4.5	  
RB-­‐102	   348.5	   A	   56	   81.3	   149.4	   61.9	   3	   4.5	  
RB-­‐103	   348.9	   A	   199.2	   76.9	   177.6	   48.3	   3	   5.1	  
RB-­‐104	   349.1	   A	   119.4	   78.3	   153.3	   51.1	   3	   2.1	  
RB-­‐106	   349.4	   A	   125.4	   75.7	   153	   48.2	   3	   0.7	  
RB-­‐107	   349.7	   A	   188	   69.9	   176.2	   41	   3	   2.9	  
RB-­‐108	   349.7	   A	   140	   70.5	   155.7	   41.6	   3	   2.6	  
RB-­‐109	   350.0	   A	   196.4	   73.7	   178.3	   45.1	   3	   1	  
RB-­‐110	   350.2	   A	   136.9	   80.2	   158.8	   51.5	   3	   1.2	  
RB-­‐111	   350.5	   A	   188.2	   65.5	   177.7	   36.6	   3	   2.4	  
RB-­‐112	   350.7	   A	   111.4	   20.4	   116.2	   2.3	   3	   11.3	  
RB-­‐113	   350.9	   A	   263.7	   85.3	   176.2	   60.2	   3	   2.2	  
RB-­‐114	   351.2	   A	   291.9	   63.8	   224.6	   64.7	   4	   4.2	  
RB-­‐115	   351.5	   A	   257.9	   75.2	   195	   57.1	   4	   3.3	  
RB-­‐116	   351.6	   A	   292.6	   59.6	   233.9	   63.6	   4	   7.6	  
RB-­‐117	   351.8	   A	   278.9	   69.9	   209	   61.2	   3	   4.5	  
RB-­‐118	   352.2	   A	   304.1	   55	   250.2	   66.5	   3	   6.3	  
RB-­‐119	   352.4	   A	   225.3	   69	   192.7	   45.5	   3	   2.5	  
RB-­‐120	   352.6	   A	   203	   54.2	   189.9	   27.5	   4	   3.9	  
RB-­‐121	   352.9	   A	   209.8	   58	   192.5	   32.9	   3	   5.2	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RB-­‐122	   353.1	   A	   202.2	   67.4	   183.8	   39.9	   3	   1.9	  
RB-­‐123	   353.4	   A	   270.1	   69.3	   207.8	   58.2	   4	   4.1	  
RB-­‐124	   353.7	   A	   0	   67.6	   136.1	   80.6	   3	   3.6	  
RB-­‐125	   353.9	   A	   310.2	   71.8	   203	   71.4	   4	   4.7	  
RB-­‐126	   354.1	   A	   306.5	   66.8	   219.2	   71	   3	   5.1	  
RB-­‐127	   354.4	   A	   193.1	   64.8	   180.7	   36.2	   4	   1.4	  
RB-­‐128	   354.5	   A	   193.7	   70.8	   178.5	   42	   3	   1.4	  
RB-­‐129	   354.7	   A	   252.5	   59.1	   214.8	   46.5	   3	   2.8	  
RB-­‐131	   355.1	   A	   118.8	   81.8	   156.8	   54	   3	   2.2	  
RB-­‐133	   355.3	   A	   200.9	   66.2	   183.9	   38.6	   3	   1	  
RB-­‐134	   355.7	   A	   199.2	   68.9	   181.8	   41	   4	   1.4	  
RB-­‐135	   355.9	   A	   159.8	   65.5	   163.2	   35.6	   3	   4.1	  
RB-­‐137	   356.2	   A	   178.6	   63.6	   173.3	   33.8	   3	   1.1	  
RB-­‐138	   356.4	   A	   188.5	   67.4	   177.4	   38.1	   3	   3	  
RB-­‐139	   356.7	   A	   315.2	   56	   256.3	   72.8	   3	   3.2	  
RB-­‐140	   356.9	   A	   298.9	   65.1	   223.4	   67.8	   4	   4.4	  
RB-­‐141	   357.2	   A	   294.4	   61.3	   231	   64.8	   3	   4.5	  
RB-­‐142	   357.4	   A	   244.8	   59.3	   210.6	   43.7	   3	   2.4	  
RB-­‐143	   357.7	   A	   239.6	   52.5	   213.1	   36.8	   3	   5	  
RB-­‐144	   357.9	   A	   340	   71	   178.9	   78.7	   4	   5.3	  
RB-­‐145	   358.2	   A	   334.1	   76	   177.8	   73.4	   4	   7	  
RB-­‐146	   358.5	   A	   196.3	   68.1	   180.9	   39.9	   3	   0.6	  
RB-­‐148	   358.7	   A	   169.1	   70.2	   167.8	   40.3	   3	   2.5	  
RB-­‐149	   359.0	   A	   129.8	   82.3	   159.1	   53.7	   3	   3.5	  
RB-­‐150	   359.3	   A	   237.3	   79.1	   185.3	   54.8	   3	   3.2	  
RB-­‐151	   359.5	   A	   146.9	   77.8	   160.8	   48.3	   3	   1.6	  
RB-­‐152	   359.6	   A	   291.5	   66.4	   218.4	   65	   4	   4.6	  
RB-­‐153	   359.8	   A	   293.3	   61.8	   229.4	   64.6	   3	   4.5	  
RB-­‐154	   360.1	   A	   254.4	   47.7	   226.6	   38.9	   3	   5.1	  
RB-­‐155	   360.5	   A	   273.8	   56.9	   228.8	   53.5	   3	   3.1	  
RB-­‐156	   360.7	   A	   47.6	   67.8	   119.5	   63.1	   3	   4.4	  
RB-­‐158	   360.9	   A	   235.2	   48.3	   213.4	   31.5	   4	   3.7	  
RB-­‐159	   361.2	   A	   250.5	   47.9	   223.6	   37.2	   4	   6.4	  
RB-­‐161	   361.5	   A	   188.3	   78.9	   172.7	   49.5	   3	   3.2	  
RB-­‐162	   361.8	   A	   132.9	   65.9	   150.2	   38.5	   3	   1.8	  
RB-­‐163	   362.0	   A	   178.5	   77.8	   170.5	   47.9	   3	   2.9	  
RB-­‐164	   362.3	   A	   169.7	   67.7	   168	   37.7	   3	   5.3	  
RB-­‐165	   362.9	   A	   198.1	   63.4	   183.3	   35.7	   3	   2	  
RB-­‐166	   363.1	   A	   144.4	   68.1	   156.4	   38.9	   3	   11.2	  
RB-­‐167	   363.3	   A	   189.7	   69.5	   177.1	   40.5	   4	   1.7	  
RB-­‐168	   363.6	   A	   294.6	   69.9	   210.2	   66.8	   3	   2.1	  
RB-­‐169	   363.8	   A	   277.7	   68.5	   211.4	   60.7	   3	   5.4	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RB-­‐170	   364.1	   A	   178	   82	   169.6	   52.1	   3	   6.5	  
RB-­‐171	   364.4	   A	   43.5	   83.7	   155.3	   62.9	   3	   4.1	  
RB-­‐172	   364.7	   A	   110.8	   78.9	   151.8	   52.7	   4	   3.3	  
RB-­‐173	   364.7	   A	   31.1	   85.4	   159.9	   63	   3	   2.6	  
RB-­‐174	   365.0	   A	   192.4	   81.8	   172.7	   52.5	   3	   8.5	  
RB-­‐176	   365.2	   A	   65.9	   87.3	   161.2	   60.6	   3	   1.4	  
RB-­‐178	   365.5	   A	   60.7	   75.4	   137.1	   60.9	   3	   1.3	  
RB-­‐179	   365.7	   A	   153.3	   69	   160.7	   39.4	   4	   2.8	  
RB-­‐180	   366.0	   A	   151.6	   73.7	   161	   44	   4	   2.7	  
RB-­‐181	   366.3	   A	   141	   74.6	   157.4	   45.7	   3	   1.5	  
RB-­‐182	   366.5	   A	   147.3	   65.5	   156.7	   36.5	   4	   2.6	  
RB-­‐183	   366.8	   A	   165.8	   68.5	   166	   38.5	   3	   1.6	  
RB-­‐184	   367.0	   A	   149.7	   68.3	   158.7	   38.8	   3	   1.3	  
RB-­‐185	   367.2	   A	   148.3	   68.4	   158.2	   39	   3	   2	  
RB-­‐186	   367.4	   A	   140.7	   73.5	   156.8	   44.7	   4	   2.4	  
RB-­‐188	   367.7	   A	   141.8	   74.3	   157.6	   45.3	   4	   3.6	  
RB-­‐189	   367.9	   A	   149.1	   62.9	   157.1	   33.6	   3	   1.8	  
RB-­‐190	   368.3	   A	   106.2	   70	   141	   46.7	   3	   1.5	  
RB-­‐191	   368.5	   A	   151	   71.8	   160.4	   42.3	   4	   3.9	  
RB-­‐192	   368.8	   A	   141.9	   65.1	   154.1	   36.7	   3	   2.6	  
RB-­‐193	   369.0	   A	   160.6	   71.1	   164.2	   41	   4	   2.1	  
RB-­‐194	   369.3	   A	   135.5	   65.7	   151.3	   37.7	   3	   9.2	  
RB-­‐195	   369.5	   A	   155.9	   63.1	   161.2	   33.1	   3	   1.7	  
RB-­‐196	   369.7	   A	   146.5	   66.5	   156.7	   37.2	   3	   2.5	  
RB-­‐197	   369.9	   A	   138.5	   64.6	   152.5	   36.7	   3	   4.5	  
RB-­‐198	   370.1	   A	   154.8	   75.2	   162.7	   45.3	   3	   6.3	  
RB-­‐199	   370.4	   A	   165.9	   75.7	   166.8	   45.8	   3	   1.6	  
RB-­‐200	   370.7	   A	   156.7	   80.7	   164.2	   50.8	   3	   1.5	  
RB-­‐201	   370.9	   A	   183.6	   79.8	   171.8	   50.5	   3	   4.3	  
RB-­‐202	   371.2	   A	   238.8	   85	   176.4	   59.2	   2	   0	  
RB-­‐205	   371.4	   A	   187.3	   65.8	   177.4	   36.7	   3	   1.8	  
RB-­‐206	   371.7	   A	   159.9	   68.5	   163.6	   38.5	   3	   3.3	  
RB-­‐208	   371.9	   A	   189.4	   63.2	   178.9	   34.1	   3	   3.9	  
RB-­‐209	   372.2	   A	   203.4	   68	   184.1	   40.6	   3	   1.1	  
RB-­‐210	   372.5	   A	   177.4	   60.4	   173.3	   30.3	   3	   2.3	  
RB-­‐211	   372.7	   A	   204.9	   72.1	   182.3	   44.7	   3	   4.1	  
RB-­‐212	   373.0	   A	   187.3	   70.5	   176	   41.1	   3	   5.3	  
RB-­‐213	   373.3	   A	   244.5	   67.3	   201.8	   49.4	   3	   3.3	  
RB-­‐214	   373.5	   A	   201.8	   70.9	   181.5	   43	   3	   1.8	  
RB-­‐215	   373.9	   A	   206.2	   83.7	   174	   54.8	   3	   5.9	  
RB-­‐218	   374.1	   A	   344.8	   82.1	   168	   67.8	   4	   2.7	  
RB-­‐219	   374.8	   A	   328.1	   67.2	   209.1	   79	   3	   2.5	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RB-­‐220	   375.0	   A	   245.9	   74.7	   193.3	   54.1	   4	   3.8	  
RB-­‐221	   375.3	   A	   267.3	   80.1	   187.2	   60.3	   3	   3.3	  
RB-­‐222	   375.5	   A	   351.4	   71.8	   159.9	   78.1	   3	   3.4	  
RB-­‐223	   375.8	   A	   278	   86.8	   173.2	   60.9	   4	   6.2	  
RB-­‐224	   376.0	   A	   101	   78.9	   149.5	   54.1	   3	   4.1	  
RB-­‐225	   376.3	   A	   104	   80.1	   151.3	   54.2	   3	   2.4	  
RB-­‐226	   376.6	   A	   95.7	   72.4	   140	   51.2	   3	   2.6	  
RB-­‐227	   377.0	   A	   96.7	   75.1	   143.6	   52.5	   3	   3.9	  
RB-­‐228	   377.1	   A	   171.8	   83.9	   167.8	   54	   3	   7.5	  
RB-­‐229	   377.2	   A	   168.8	   69.1	   168	   39.2	   3	   6	  
RB-­‐230	   377.5	   A	   96.9	   76.1	   144.9	   53.1	   3	   2.5	  
RB-­‐231	   377.6	   A	   221.9	   85.1	   174.3	   57	   3	   2.4	  
RB-­‐232	   377.9	   A	   131.9	   71.8	   152.8	   43.9	   3	   4.4	  
RB-­‐233	   378.2	   A	   162	   75.1	   165.4	   45.2	   3	   7.2	  
RB-­‐234	   378.5	   A	   159.1	   70.8	   163.4	   40.9	   3	   8.8	  
RB-­‐235	   378.8	   A	   136.9	   67.3	   152.7	   39.1	   3	   3.6	  
RB-­‐236	   379.1	   A	   168.4	   72.8	   167.7	   42.6	   3	   3.8	  
RB-­‐237	   379.3	   A	   193.3	   76.4	   175.7	   47.4	   3	   5.2	  
RB-­‐238	   379.5	   A	   214.9	   63.4	   192.3	   38.6	   3	   6.5	  
RB-­‐239	   379.9	   A	   216.3	   66.5	   190.9	   41.7	   3	   3.6	  
RB-­‐240	   380.1	   A	   187.5	   66.6	   177.6	   37.7	   3	   3.9	  
RB-­‐241	   380.4	   A	   223.6	   65.3	   195.4	   42	   3	   3.4	  
RB-­‐243	   380.7	   A	   214.8	   67.3	   189.8	   42	   3	   2.1	  
RB-­‐244	   381.0	   A	   199.5	   66.5	   183.2	   38.9	   3	   1	  
RB-­‐245	   381.2	   A	   218.3	   68.1	   190.6	   43.6	   3	   4.1	  
RB-­‐246	   381.5	   A	   208.5	   62.2	   189.6	   36.3	   3	   6.4	  
RB-­‐247	   381.7	   A	   246	   76.1	   191.3	   54.8	   3	   1.4	  
RB-­‐248	   382.0	   A	   259.8	   69.8	   204.4	   55.3	   3	   4.4	  
RB-­‐249	   382.3	   A	   326.5	   76.9	   180.7	   71.9	   3	   6.4	  
RB-­‐250	   382.3	   A	   241.4	   67.9	   200.4	   48.6	   3	   2.7	  
RB-­‐252	   382.5	   A	   203.7	   77.7	   178.2	   49.4	   3	   2.2	  
RB-­‐253	   382.8	   A	   208.1	   66.5	   187.2	   40	   3	   0.9	  
RB-­‐254	   383.0	   A	   190.1	   71	   177	   42.1	   3	   1.5	  
RB-­‐255	   383.3	   A	   208.5	   66.6	   187.3	   40.2	   3	   6	  
RB-­‐256	   383.5	   A	   153.9	   72.2	   161.7	   42.6	   3	   1.6	  
RA-­‐208	   383.9	   A	   103.7	   51.2	   125.5	   32.3	   3	   3.8	  
RA-­‐206	   384.1	   A	   220.4	   76.1	   184.4	   50.3	   3	   1.3	  
RA-­‐205	   384.4	   A	   266.4	   48.6	   233.8	   44.7	   4	   3.6	  
RA-­‐204	   384.6	   A	   239.4	   -­‐49.4	   275.8	   -­‐49.2	   3	   4.2	  
RA-­‐203	   384.8	   A	   250.8	   15.5	   243.9	   10.5	   3	   3.2	  
RA-­‐201	   385.0	   A	   252.3	   31.2	   236.1	   24.5	   3	   1.8	  
RA-­‐200	   385.3	   A	   254.4	   55.6	   219.4	   44.3	   4	   3	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RA-­‐199	   385.6	   A	   228.4	   60.5	   201.3	   39.5	   4	   2	  
RA-­‐198	   385.9	   A	   258.7	   51.4	   226.7	   43.3	   3	   3.2	  
RA-­‐194	   386.2	   A	   253.6	   56.6	   217.6	   44.8	   3	   3.4	  
RA-­‐191	   386.4	   A	   248.6	   59.2	   212.8	   44.7	   3	   3.8	  
RA-­‐184	   386.7	   A	   248.7	   59.7	   212.2	   45.1	   3	   1.7	  
RA-­‐180	   386.9	   A	   269.8	   71.7	   203.7	   59.1	   3	   2.9	  
RA-­‐178	   387.2	   A	   241.9	   62.8	   205.3	   45.5	   3	   4.4	  
RA-­‐177	   387.3	   A	   245	   61.7	   207.9	   45.7	   3	   2.7	  
RA-­‐174	   387.5	   A	   242.4	   60.4	   208.7	   43.6	   3	   3	  
RA-­‐173	   387.8	   A	   253.3	   65.1	   208.1	   50.4	   3	   4.6	  
RA-­‐171	   388.1	   A	   222.8	   67	   193.5	   43.3	   3	   5.1	  
RA-­‐170	   388.3	   A	   255.9	   77.6	   190.5	   57.6	   3	   6.6	  
RA-­‐169	   388.6	   A	   246.9	   79.3	   186.5	   56.7	   3	   7.9	  
RA-­‐168	   388.8	   A	   254.6	   73.2	   197.7	   55.4	   4	   4.8	  
RA-­‐167	   389.1	   A	   282	   72.3	   204	   62.8	   4	   5.5	  
RA-­‐166	   389.4	   A	   234.2	   80.7	   181.6	   55.6	   3	   2.1	  
RA-­‐165	   389.6	   A	   235.8	   52.6	   211.2	   35.3	   4	   5.1	  
RA-­‐164	   389.7	   A	   270.2	   55.1	   229	   50.8	   4	   5.2	  
RA-­‐162	   390.0	   A	   259.2	   75.3	   195.6	   57.6	   3	   1.2	  
RA-­‐160	   390.3	   A	   254.2	   63.5	   210.6	   49.8	   4	   2	  
RA-­‐159	   390.6	   A	   274	   78.7	   190	   61.5	   3	   4.2	  
RA-­‐158	   390.8	   A	   254.8	   73.7	   196.8	   55.7	   3	   2.6	  
RA-­‐157	   391.1	   A	   228.2	   60.2	   201.2	   39.2	   3	   4	  
RA-­‐156	   391.3	   A	   287.6	   74.6	   199.3	   64.7	   5	   6.8	  
RA-­‐155	   391.6	   A	   272.8	   70.8	   205.7	   59.7	   3	   3.9	  
RA-­‐154	   391.9	   A	   284.1	   68.6	   212.3	   62.8	   3	   3.7	  
RA-­‐153	   392.1	   A	   346.4	   79.6	   167.5	   70.5	   3	   4.1	  
RA-­‐151	   392.2	   A	   256.5	   85.1	   176.8	   59.7	   3	   1	  
RA-­‐150	   392.4	   A	   319.5	   79	   181.4	   69.3	   5	   4	  
RA-­‐149	   392.7	   A	   254	   82	   182.6	   58.7	   5	   5.1	  
RA-­‐148	   392.9	   A	   313.7	   73.8	   195.8	   71.5	   5	   3.4	  
RA-­‐147	   393.2	   A	   280.8	   70.9	   207.1	   62.3	   3	   3.7	  
RA-­‐146	   393.4	   A	   282.4	   73.5	   201.5	   63.1	   3	   3	  
RA-­‐144	   393.7	   A	   263	   68.6	   206.9	   55.7	   4	   3	  
RA-­‐143	   394.0	   A	   273.9	   74.7	   197.9	   60.8	   4	   2.9	  
RA-­‐142	   394.3	   A	   297.2	   76	   194.7	   66.6	   4	   4.4	  
RA-­‐137	   394.5	   A	   268	   76.6	   194	   60	   3	   1.2	  
RA-­‐136	   395.1	   A	   245.5	   76.6	   190.6	   54.8	   3	   4.9	  
RA-­‐128	   395.3	   A	   226.3	   75.7	   186.8	   50.9	   3	   5.7	  
RA-­‐127	   395.6	   A	   234.3	   67.7	   197.8	   46.9	   3	   3.9	  
RA-­‐122	   395.9	   A	   214.3	   67.1	   189.6	   41.7	   3	   6.4	  
RA-­‐121	   396.1	   A	   274.1	   64.8	   217	   57.8	   4	   7.5	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RA-­‐120	   396.4	   A	   227.9	   66.4	   196.1	   44.2	   3	   5.1	  
RA-­‐118	   396.7	   A	   240.1	   73.2	   193.6	   52	   3	   7.1	  
RA-­‐116	   397.0	   A	   223.9	   70.9	   190.5	   47	   3	   1.4	  
RA-­‐113	   397.2	   A	   237	   77.4	   187.2	   53.9	   3	   5.3	  
RA-­‐111	   397.4	   A	   256.4	   78.3	   189.4	   58	   3	   2.3	  
RA-­‐110	   397.5	   A	   219.6	   78	   182.3	   51.6	   3	   2.8	  
RA-­‐107	   397.6	   A	   301.6	   69	   212.5	   69.2	   3	   4.2	  
RA-­‐103	   397.7	   A	   252.7	   59.3	   214.7	   46.6	   3	   7	  
RA-­‐102	   397.9	   A	   147	   68.9	   158	   39.5	   3	   8.7	  
RA-­‐101	   398.2	   A	   249.3	   65.7	   206.1	   49.7	   3	   2.6	  
RA-­‐100	   398.4	   A	   263.8	   80.7	   185.8	   59.8	   4	   12.6	  
RA-­‐92	   398.8	   A	   231.4	   72.4	   191.8	   49.3	   3	   12.8	  
RA-­‐91	   399.0	   A	   234.4	   53.9	   209.2	   35.8	   3	   4.4	  
RA-­‐90	   399.3	   A	   235.3	   70.7	   194.6	   49.1	   3	   13.5	  
RA-­‐88	   399.5	   A	   202.2	   66.6	   184.1	   39.2	   3	   1.9	  
RA-­‐85	   399.8	   A	   289.8	   73.2	   202.4	   64.9	   4	   2.7	  
RA-­‐84	   400.0	   A	   246.7	   57	   213.6	   42.6	   3	   7.2	  
RA-­‐82	   400.3	   A	   216.7	   70	   188.5	   44.7	   5	   4.3	  
RA-­‐81	   400.5	   A	   244.3	   81.3	   183	   57.2	   3	   5.4	  
RA-­‐76	   400.8	   A	   275.1	   70.3	   207.1	   60.3	   3	   1.3	  
RA-­‐74	   401.1	   A	   236.5	   77.6	   187.1	   53.9	   3	   1.9	  
RA-­‐72	   401.3	   A	   243.7	   73.7	   194.2	   52.8	   3	   12.5	  
RA-­‐71	   401.6	   A	   326.1	   72.3	   192	   75.1	   3	   9.5	  
RA-­‐70	   401.9	   A	   254.2	   76	   193	   56.4	   4	   7.3	  
RA-­‐67	   402.1	   A	   239.9	   77.3	   188.1	   54.3	   4	   3.8	  
RA-­‐62	   402.2	   A	   246.5	   76	   191.5	   54.9	   3	   5	  
RA-­‐55	   402.5	   A	   232.9	   69	   195.8	   47.4	   3	   4.3	  
RA-­‐47	   403.1	   A	   230.6	   67.3	   196.6	   45.4	   3	   3.1	  
RA-­‐46	   403.3	   A	   229.1	   63.3	   199.3	   41.8	   3	   5.7	  
RA-­‐41	   403.6	   A	   247.4	   76.1	   191.3	   55	   3	   3.5	  
RA-­‐39	   403.9	   A	   325.5	   76.4	   183.3	   72	   4	   13.5	  
RA-­‐37	   404.4	   A	   212.6	   73.4	   184.4	   46.8	   3	   3.8	  
RA-­‐35	   404.6	   A	   106.3	   73.4	   144.4	   49.3	   3	   1.1	  
RA-­‐34	   404.7	   A	   241	   69.1	   198.8	   49.4	   3	   7.9	  
RA-­‐32	   404.8	   A	   239.9	   77.2	   188.2	   54.4	   3	   5.5	  
RA-­‐30	   404.9	   A	   251.1	   85.5	   176	   59.4	   3	   2.2	  
RA-­‐29	   405.3	   A	   264.2	   82	   183.3	   60	   4	   12.5	  
RA-­‐28	   405.5	   A	   226.6	   76.8	   185.3	   51.5	   3	   6	  
RA-­‐26	   405.8	   A	   227	   74.9	   187.9	   50.5	   3	   3.1	  
RA-­‐22	   405.8	   A	   222.3	   79.4	   181.7	   53.2	   3	   3.9	  
RA-­‐20	   406.1	   A	   229.4	   61.7	   200.5	   40.8	   4	   9.3	  
RA-­‐16	   406.4	   A	   293	   74.4	   199	   65.9	   3	   5	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RA-­‐15	   406.6	   A	   258.8	   82.7	   181.4	   59.5	   4	   8.7	  
RA-­‐13	   406.8	   A	   225.2	   66.6	   194.8	   43.8	   4	   7	  
RA-­‐12	   407.2	   A	   233.9	   64.3	   200.5	   44.2	   3	   6.6	  
RA-­‐11	   407.4	   A	   265.8	   53.8	   227.8	   48.2	   4	   4.8	  
RA-­‐10	   407.7	   A	   222.6	   77.3	   184.1	   51.3	   3	   3.8	  
RA-­‐8	   408.0	   A	   222.5	   70.3	   190.5	   45.9	   3	   3.1	  
RA-­‐7	   408.3	   A	   252.1	   72.9	   197.5	   54.5	   3	   2.9	  
RA-­‐6	   408.6	   A	   335.3	   74.8	   178.6	   74.5	   3	   4.4	  
RA-­‐5	   408.8	   A	   306.5	   66.8	   219.1	   71.4	   3	   11.7	  
RA-­‐3	   409.1	   A	   222.7	   74.6	   186.8	   49.4	   3	   3.2	  
RA-­‐2	   409.3	   A	   329.1	   31.9	   315.4	   59.1	   2	   0	  
RA-­‐1	   409.6	   A	   212.3	   47.5	   198.9	   23.9	   2	   0	  
RB-­‐1	   327.3	   B	   175.5	   51.5	   172.7	   21.7	   3	   12.5	  
RB-­‐3	   327.9	   B	   193.4	   48.8	   185.3	   20.8	   5	   10.1	  
RB-­‐4	   328.1	   B	   180.5	   53.8	   175.7	   24.2	   5	   14	  
RB-­‐6	   328.6	   B	   186.8	   58.3	   178.7	   29.3	   4	   10.2	  
RB-­‐12	   330.1	   B	   202.5	   54.3	   189.5	   27.7	   3	   2.4	  
RB-­‐13	   330.3	   B	   176.1	   67.8	   171.3	   38	   4	   5.1	  
RB-­‐15	   331.0	   B	   141.4	   54.3	   150.7	   26.1	   5	   7.4	  
RB-­‐17	   331.4	   B	   175.4	   65.2	   171.3	   35.3	   5	   10.8	  
RB-­‐19	   332.0	   B	   214.3	   51.8	   198.1	   28.2	   5	   15.3	  
RB-­‐20	   332.2	   B	   175.2	   59.1	   171.8	   29.3	   4	   13.2	  
RB-­‐21	   332.3	   B	   180.9	   70.9	   173.1	   41.3	   4	   10.6	  
RB-­‐23	   332.8	   B	   194.8	   38.9	   188.8	   11.6	   4	   3.2	  
RB-­‐25	   333.4	   B	   185.6	   41	   181.3	   12.2	   4	   4.5	  
RB-­‐26	   333.6	   B	   166.8	   60.6	   166.9	   30.6	   5	   10.3	  
RB-­‐27	   333.9	   B	   172.7	   58.7	   170.4	   28.8	   4	   12.3	  
RB-­‐31	   334.7	   B	   189.9	   73.6	   176	   44.5	   4	   7.8	  
RB-­‐32	   335.0	   B	   171.9	   53.4	   170.2	   23.5	   5	   12.3	  
RB-­‐33	   335.3	   B	   191.5	   68.8	   178.1	   39.8	   5	   6.4	  
RB-­‐34	   335.5	   B	   209.7	   54.1	   194.1	   29	   6	   10.8	  
RB-­‐38	   336.6	   B	   189.9	   67.2	   178.2	   38.4	   5	   10.2	  
RB-­‐40	   337.1	   B	   166.7	   54.9	   166.9	   24.8	   3	   8.6	  
RB-­‐41	   337.2	   B	   173.9	   17.1	   173.8	   -­‐12.7	   3	   7	  
RB-­‐42	   337.5	   B	   172.2	   47.3	   170.8	   17.4	   5	   11.6	  
RB-­‐43	   337.8	   B	   217.9	   60.6	   195.4	   36.8	   4	   13.2	  
RB-­‐44	   338.0	   B	   197	   55.4	   185.8	   27.8	   6	   10.6	  
RB-­‐45	   338.3	   B	   184.1	   49.2	   178.7	   20	   4	   9.6	  
RB-­‐46	   338.5	   B	   166.8	   54.9	   166.9	   24.9	   4	   12.3	  
RB-­‐49	   339.3	   B	   207.7	   68.3	   186	   41.6	   6	   6.2	  
RB-­‐50	   339.6	   B	   200	   67.6	   182.2	   40	   4	   9.2	  
RB-­‐51	   339.7	   B	   218.6	   59.4	   196.9	   36.2	   5	   11.1	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RB-­‐57	   341.3	   B	   206.1	   64.1	   187.4	   37.6	   4	   13.9	  
RB-­‐58	   341.5	   B	   186.6	   67.8	   176.3	   38.7	   5	   10.4	  
RB-­‐59	   341.9	   B	   195	   53	   185.2	   25.1	   5	   10.3	  
RB-­‐60	   342.1	   B	   202.9	   60.5	   187.5	   33.7	   4	   8	  
RB-­‐61	   342.3	   B	   174.7	   51.8	   172.2	   22	   3	   14	  
RB-­‐62	   342.5	   B	   190.8	   48.3	   183.7	   20	   4	   10.7	  
RB-­‐64	   343.0	   B	   183.7	   49.8	   178.5	   20.8	   5	   4.5	  
RB-­‐65	   343.4	   B	   189.6	   62.5	   179.3	   33.7	   6	   5.6	  
RB-­‐66	   343.6	   B	   184.2	   67.2	   175.1	   37.9	   4	   14.7	  
RB-­‐67	   343.9	   B	   199.2	   51.1	   188.5	   24.1	   4	   11.1	  
RB-­‐68	   344.1	   B	   190.5	   48.7	   183.3	   20.4	   5	   8.3	  
RB-­‐69	   344.4	   B	   202.4	   57.7	   188.1	   30.8	   3	   4.1	  
RB-­‐70	   344.6	   B	   196.7	   56.6	   185.3	   28.9	   5	   9.6	  
RB-­‐71	   344.7	   B	   191.5	   61.5	   180.7	   33	   5	   10.9	  
RB-­‐72	   345.0	   B	   184.3	   54.7	   178.1	   25.5	   5	   8	  
RB-­‐73	   345.3	   B	   201.3	   45	   192	   18.5	   4	   13	  
RB-­‐74	   345.5	   B	   175	   41.8	   173	   11.9	   4	   8.5	  
RB-­‐77	   346.4	   B	   174.1	   55.7	   171.6	   25.8	   4	   3.6	  
RB-­‐78	   346.7	   B	   155.7	   56.3	   159.9	   26.9	   3	   7.2	  
RB-­‐79	   346.9	   B	   193.7	   38.3	   188.1	   10.7	   5	   11.8	  
RB-­‐80	   347.2	   B	   188.7	   50.5	   181.8	   21.8	   4	   11.6	  
RB-­‐82	   347.2	   B	   190.8	   50.6	   183.1	   22.4	   4	   11.8	  
RB-­‐83	   347.8	   B	   196.8	   67	   181.3	   38.8	   3	   3.1	  
RB-­‐84	   348.0	   B	   190.8	   50.1	   183	   21.8	   4	   11.1	  
RB-­‐86	   348.5	   B	   199.6	   62.9	   184.5	   35.3	   5	   6	  
RB-­‐87	   348.9	   B	   183.4	   60	   176.5	   30.7	   5	   6.6	  
RB-­‐88	   349.1	   B	   189.6	   57.3	   180.7	   28.6	   6	   10.7	  
RB-­‐89	   349.4	   B	   184.3	   57.9	   177.4	   28.6	   6	   7.4	  
RB-­‐92	   350.0	   B	   183.5	   51.5	   177.9	   22.3	   5	   8.5	  
RB-­‐93	   350.2	   B	   173.7	   46	   171.8	   16.1	   5	   7	  
RB-­‐94	   350.5	   B	   205.7	   69.9	   184	   42.9	   5	   10.7	  
RB-­‐95	   350.7	   B	   168.8	   54.8	   168.1	   24.9	   3	   6.4	  
RB-­‐96	   350.9	   B	   187.9	   59.2	   179.2	   30.3	   6	   9.6	  
RB-­‐97	   351.2	   B	   186.5	   54.4	   179.5	   25.4	   6	   7.4	  
RB-­‐98	   351.5	   B	   184.5	   40.9	   180.5	   11.9	   5	   9.3	  
RB-­‐99	   351.6	   B	   192.4	   50.9	   184.1	   22.9	   5	   11.1	  
RB-­‐100	   351.8	   B	   188	   43.7	   182.6	   15.1	   4	   6.2	  
RB-­‐101	   352.2	   B	   178.8	   65.5	   173.1	   35.8	   3	   2	  
RB-­‐102	   352.4	   B	   187.2	   33.2	   183.8	   4.7	   4	   14.3	  
RB-­‐104	   352.9	   B	   176.1	   59.9	   172.4	   30.2	   5	   8	  
RB-­‐106	   353.4	   B	   195.6	   57.2	   184.3	   29.2	   4	   5.9	  
RB-­‐107	   353.7	   B	   176.6	   56.1	   173	   26.3	   5	   10.1	  
  133 
RB-­‐109	   354.1	   B	   175.2	   55.7	   172.2	   25.9	   5	   12.6	  
RB-­‐110	   354.4	   B	   155.3	   41.7	   158.1	   12.2	   4	   4.3	  
RB-­‐111	   354.5	   B	   183.7	   47	   178.9	   17.8	   5	   8.4	  
RB-­‐112	   354.7	   B	   177.2	   50.2	   174.1	   20.5	   5	   11.9	  
RB-­‐113	   355.1	   B	   192.4	   58.6	   181.9	   30.3	   5	   13.1	  
RB-­‐114	   355.3	   B	   200.1	   41	   192.3	   14.5	   4	   7.4	  
RB-­‐115	   355.7	   B	   181.1	   53	   176.3	   23.6	   4	   13.4	  
RB-­‐116	   355.9	   B	   215.5	   62.6	   192.9	   38	   5	   6.6	  
RB-­‐117	   356.2	   B	   195.3	   58.4	   183.7	   30.6	   4	   13.9	  
RB-­‐118	   356.4	   B	   175.6	   37.6	   173.9	   7.9	   4	   10.6	  
RB-­‐119	   356.7	   B	   194.4	   50.4	   185.6	   22.6	   5	   13.6	  
RB-­‐120	   356.9	   B	   183.6	   37.1	   180.3	   8.1	   5	   9.3	  
RB-­‐121	   357.2	   B	   188.7	   43.8	   183.1	   15.5	   5	   4.1	  
RB-­‐122	   357.4	   B	   191.6	   43.5	   185.1	   15.4	   5	   13.9	  
RB-­‐123	   357.7	   B	   196	   49.5	   186.8	   22	   4	   9.9	  
RB-­‐124	   357.9	   B	   187.9	   57.3	   179.6	   28.5	   5	   11.9	  
RB-­‐126	   358.5	   B	   203.4	   46.5	   192.9	   20.6	   5	   11.8	  
RB-­‐127	   358.7	   B	   180.6	   49.4	   176.4	   20	   5	   9.5	  
RB-­‐128	   359.0	   B	   201.1	   59.7	   186.4	   32.7	   4	   7.5	  
RB-­‐129	   359.3	   B	   189.6	   52.9	   181.8	   24.3	   5	   14	  
RB-­‐130	   359.5	   B	   222.2	   40.2	   208.7	   19.9	   4	   12.8	  
RB-­‐131	   359.6	   B	   201.9	   59.7	   187.1	   32.6	   4	   5.3	  
RB-­‐133	   360.1	   B	   212.2	   57	   194.3	   32.4	   5	   7	  
RB-­‐134	   360.5	   B	   205.2	   56.2	   190.4	   30.2	   5	   10	  
RB-­‐135	   360.7	   B	   173.7	   41.7	   172	   11.8	   5	   11.6	  
RB-­‐137	   361.2	   B	   187.7	   61.6	   178.6	   32.5	   4	   7.6	  
RB-­‐138	   361.5	   B	   190.6	   55.8	   181.7	   27.2	   5	   7.3	  
RB-­‐140	   362.0	   B	   225.7	   71.5	   190.7	   47.5	   4	   6.5	  
RB-­‐143	   363.1	   B	   176.2	   53	   173	   23.3	   4	   9.1	  
RB-­‐145	   363.6	   B	   209.2	   56.2	   192.9	   30.8	   4	   7.9	  
RB-­‐146	   363.8	   B	   210.7	   57.5	   193.2	   32.4	   5	   5.1	  
RB-­‐148	   364.4	   B	   195.8	   56.8	   184.5	   29	   5	   7	  
RB-­‐149	   364.7	   B	   149.4	   71.1	   159.7	   42	   3	   4.1	  
RB-­‐150	   364.7	   B	   208.3	   59.2	   190.8	   33.4	   5	   14.4	  
RB-­‐151	   365.0	   B	   171.4	   55.5	   169.6	   25.6	   4	   14	  
RB-­‐152	   365.2	   B	   197.1	   55.4	   185.8	   27.8	   4	   11.7	  
RB-­‐154	   365.7	   B	   183.3	   54	   177.6	   24.7	   5	   6.7	  
RB-­‐155	   366.0	   B	   199.5	   45.6	   190.4	   18.9	   5	   9.1	  
RB-­‐156	   366.3	   B	   165	   67.6	   166.1	   37.6	   5	   8.4	  
RB-­‐158	   366.8	   B	   206.1	   67	   185.8	   40	   4	   5.6	  
RB-­‐161	   367.4	   B	   174.6	   54.5	   171.9	   24.6	   5	   7.1	  
RB-­‐162	   367.7	   B	   185.7	   56.7	   178.4	   27.6	   5	   8.1	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RB-­‐163	   367.9	   B	   176.8	   52.3	   173.4	   22.5	   4	   13	  
RB-­‐164	   368.3	   B	   172.7	   46.1	   171	   16.1	   5	   9.1	  
RB-­‐165	   368.5	   B	   177	   60	   172.8	   30.2	   5	   8	  
RB-­‐166	   368.8	   B	   172.9	   58.4	   170.5	   28.5	   5	   7.2	  
RB-­‐168	   369.3	   B	   177.5	   57.1	   173.4	   27.4	   5	   9.8	  
RB-­‐170	   369.7	   B	   174.6	   41.1	   172.8	   11.3	   5	   11.5	  
RB-­‐171	   369.9	   B	   168.5	   50.8	   168	   20.9	   5	   5.8	  
RB-­‐173	   370.4	   B	   180.7	   57.4	   175.3	   27.9	   5	   11.6	  
RB-­‐175	   370.9	   B	   177.2	   53.3	   173.6	   23.6	   5	   3.7	  
RB-­‐176	   371.2	   B	   179.1	   52.1	   174.9	   22.7	   4	   13.7	  
RB-­‐177	   371.4	   B	   185.3	   55.5	   178.7	   26.6	   4	   7.9	  
RB-­‐180	   372.2	   B	   159.1	   34.6	   160.4	   4.9	   5	   14	  
RB-­‐181	   372.5	   B	   183.5	   65.3	   175.5	   35.8	   4	   13.9	  
RB-­‐182	   372.7	   B	   157	   51.8	   160.3	   22	   4	   11.5	  
RB-­‐183	   373.0	   B	   166.5	   39	   166.6	   9	   5	   6.3	  
RB-­‐184	   373.3	   B	   185.8	   47.1	   180.3	   18.1	   4	   11.2	  
RB-­‐185	   373.5	   B	   167	   54.1	   167	   24	   4	   12.5	  
RB-­‐186	   373.9	   B	   168.4	   73.9	   167.7	   43.9	   4	   14	  
RB-­‐189	   375.0	   B	   197.7	   41.3	   190.2	   14.4	   5	   8.6	  
RB-­‐190	   375.3	   B	   186.6	   48.7	   180.6	   20	   5	   7.6	  
RB-­‐191	   375.5	   B	   192.5	   45.8	   185.3	   17.9	   5	   14.2	  
RB-­‐192	   375.8	   B	   170	   41.2	   169.4	   11.1	   4	   9.3	  
RB-­‐193	   376.0	   B	   205.8	   61.9	   188.3	   35.5	   4	   10.8	  
RB-­‐194	   376.3	   B	   169.1	   43.2	   168.6	   13.2	   5	   6.9	  
RB-­‐195	   376.6	   B	   181.3	   47.4	   177	   18	   3	   13.1	  
RB-­‐196	   377.0	   B	   175.4	   60.3	   171.7	   30.5	   5	   10.2	  
RB-­‐197	   377.1	   B	   167.4	   48.5	   167.3	   18.5	   6	   6.1	  
RB-­‐198	   377.2	   B	   195.5	   44.1	   188	   16.7	   4	   14.2	  
RB-­‐199	   377.5	   B	   172.1	   50.7	   170.5	   20.8	   4	   9.6	  
RB-­‐200	   377.6	   B	   170.3	   53.3	   169.1	   23.3	   4	   6.1	  
RB-­‐205	   379.1	   B	   190.7	   68.4	   177.9	   39.3	   3	   14.3	  
RB-­‐206	   379.3	   B	   185.5	   30.4	   182.9	   1.6	   4	   4	  
RB-­‐208	   379.9	   B	   185.8	   42.8	   181	   14.2	   4	   4.7	  
RB-­‐209	   380.1	   B	   196.9	   64.1	   182.5	   36.1	   5	   9.8	  
RB-­‐210	   380.4	   B	   192.9	   43.6	   186.1	   15.8	   5	   10.5	  
RB-­‐211	   380.7	   B	   202.3	   51.7	   190.2	   25.2	   4	   7.7	  
RB-­‐212	   381.0	   B	   174.2	   54.8	   171.5	   25	   4	   11.1	  
RB-­‐213	   381.2	   B	   195.3	   42.9	   187.9	   15.5	   4	   5.8	  
RB-­‐214	   381.5	   B	   179.5	   53.4	   175.1	   24	   5	   6.1	  
RB-­‐215	   381.7	   B	   166.8	   42.6	   166.9	   12.9	   4	   10.8	  
RB-­‐217	   382.3	   B	   184	   44	   179.5	   14.9	   5	   9.1	  
RB-­‐218	   382.3	   B	   194.5	   65.7	   180.8	   37.3	   5	   10.2	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RB-­‐219	   382.5	   B	   206.5	   61.2	   189.1	   34.9	   6	   11	  
RB-­‐220	   382.8	   B	   183.1	   56.4	   176.9	   27.1	   5	   10.7	  
RB-­‐221	   383.0	   B	   194.7	   54.6	   184.6	   26.6	   4	   9	  
RB-­‐222	   383.3	   B	   200.8	   54	   188.7	   27.4	   3	   7.2	  
RB-­‐223	   383.5	   B	   171.5	   59.8	   169.7	   30	   4	   8.2	  
RB-­‐224	   383.9	   B	   178.4	   51.2	   174.6	   21.5	   5	   7.3	  
RB-­‐225	   384.1	   B	   178.4	   58.5	   173.7	   28.9	   4	   11.7	  
RB-­‐228	   384.8	   B	   164.5	   67.5	   165.6	   37.5	   4	   13	  
RB-­‐229	   385.0	   B	   164.5	   57.8	   165.5	   27.8	   5	   9.9	  
RB-­‐230	   385.3	   B	   178.3	   52.6	   174.4	   23	   5	   15	  
RB-­‐232	   385.9	   B	   179.9	   56.6	   174.9	   27.2	   3	   4.9	  
RB-­‐233	   386.2	   B	   188.1	   41.7	   183	   13.3	   3	   7.8	  
RB-­‐235	   386.7	   B	   180.5	   35.5	   177.9	   6	   4	   10.1	  
RB-­‐236	   386.9	   B	   180.9	   68.4	   173.7	   38.8	   5	   12.6	  
RB-­‐237	   387.2	   B	   193.5	   41.4	   187.1	   13.7	   4	   3.4	  
RB-­‐238	   387.3	   B	   191.9	   37.8	   186.9	   10	   4	   10.4	  
RB-­‐239	   387.5	   B	   182.4	   44.2	   178.5	   15	   5	   15.3	  
RB-­‐241	   388.1	   B	   199.4	   40.4	   192	   13.7	   5	   14.2	  
RB-­‐243	   388.6	   B	   206.1	   45.7	   195	   20.5	   5	   13.5	  
RB-­‐244	   388.8	   B	   194.4	   52.5	   185	   24.7	   5	   8.9	  
RB-­‐245	   389.1	   B	   177	   73.6	   171	   43.8	   4	   11.9	  
RB-­‐250	   390.3	   B	   187	   63.4	   177.6	   34.3	   5	   10.9	  
RB-­‐252	   390.8	   B	   185.9	   52.2	   179.4	   23.2	   4	   5.8	  
RB-­‐253	   391.1	   B	   185.1	   35.1	   181.7	   6.2	   5	   13.9	  
RB-­‐255	   391.6	   B	   189.1	   56.1	   180.6	   27.4	   4	   5	  
RB-­‐256	   391.9	   B	   183.3	   42.3	   179.2	   13.3	   5	   11.8	  
RA-­‐1	   392.2	   B	   202.1	   43.8	   192.8	   17.8	   4	   10.1	  
RA-­‐3	   392.7	   B	   159.4	   52.5	   162	   22.8	   6	   14.1	  
RA-­‐4	   392.9	   B	   195	   52.7	   185.2	   25	   4	   8.3	  
RA-­‐5	   393.2	   B	   179.6	   58.2	   174.5	   28.6	   6	   8.3	  
RA-­‐6	   393.4	   B	   187	   61.7	   178.2	   32.6	   3	   9.6	  
RA-­‐8	   394.0	   B	   219.7	   56.1	   199.2	   33.4	   5	   13.3	  
RA-­‐10	   394.5	   B	   187.2	   64.1	   177.4	   34.9	   3	   5.3	  
RA-­‐11	   395.1	   B	   184.9	   48.6	   179.6	   19.5	   4	   6.8	  
RA-­‐15	   396.1	   B	   164.4	   69.4	   165.7	   39.6	   5	   6	  
RA-­‐16	   396.4	   B	   176.5	   43.9	   174	   14.2	   5	   8.9	  
RA-­‐17	   396.7	   B	   192.1	   51	   183.9	   22.9	   6	   7.7	  
RA-­‐19	   397.2	   B	   172.7	   48.8	   171	   18.9	   4	   9.3	  
RA-­‐23	   397.7	   B	   169	   58.4	   168.1	   28.3	   4	   11.6	  
RA-­‐24	   397.9	   B	   164.5	   54.9	   165.5	   24.8	   4	   6.7	  
RA-­‐27	   398.8	   B	   190	   52.6	   182	   24.1	   4	   3.2	  
RA-­‐30	   399.5	   B	   179.8	   67.3	   173.2	   37.6	   6	   7.8	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RA-­‐35	   400.8	   B	   182.5	   59.1	   175.9	   29.5	   3	   7.7	  
RA-­‐37	   401.3	   B	   159.5	   61.2	   162.7	   31.3	   3	   6.7	  
RA-­‐38	   401.6	   B	   191.8	   50.4	   183.9	   22.2	   4	   7.1	  
RA-­‐42	   402.5	   B	   201	   39.4	   193.5	   13.1	   4	   13.8	  
RA-­‐44	   403.1	   B	   165.8	   39.8	   166.1	   9.9	   4	   6.4	  
RA-­‐49	   404.6	   B	   185.6	   40.7	   181.3	   11.9	   4	   5.6	  
RA-­‐50	   404.7	   B	   182.6	   48	   178.1	   18.7	   4	   14.2	  
RA-­‐53	   404.8	   B	   167.3	   56.4	   167.1	   26.6	   4	   11.2	  
RA-­‐57	   406.1	   B	   182.2	   58.9	   175.9	   29.5	   5	   14.3	  
RA-­‐62	   407.4	   B	   202.8	   46.5	   192.3	   20.2	   3	   12.4	  
RA-­‐63	   407.7	   B	   175.5	   48.3	   172.9	   18.4	   4	   8.4	  
RA-­‐68	   409.1	   B	   183.9	   44.1	   179.5	   15.1	   4	   4.4	  
RA-­‐70	   409.6	   B	   155.3	   47.5	   158.6	   18	   3	   5.5	  
RA-­‐72	   409.9	   B	   196.4	   59.1	   184.1	   31.3	   5	   10.3	  
RA-­‐75	   410.7	   B	   189.1	   45.2	   183	   16.8	   5	   13.4	  
RA-­‐79	   411.8	   B	   164.2	   56	   165.2	   25.9	   4	   13.3	  
RA-­‐80	   412.1	   B	   183.4	   49.2	   178.3	   20	   5	   13.2	  
RA-­‐81	   412.1	   B	   225.3	   57	   201.7	   35.6	   3	   4.1	  
RA-­‐85	   413.1	   B	   183.2	   56.6	   176.8	   27.1	   4	   13.2	  
RA-­‐88	   413.8	   B	   200.7	   46.4	   191	   20.1	   3	   8.5	  
RA-­‐89	   414.1	   B	   167.7	   50.2	   167.4	   20.1	   3	   6.3	  
RA-­‐90	   414.4	   B	   181.2	   70.7	   173.5	   41.1	   3	   12.3	  
RA-­‐93	   415.0	   B	   189	   41.4	   183.9	   13	   4	   13.5	  
RA-­‐94	   415.3	   B	   186.3	   45.5	   181	   16.7	   4	   10.6	  
RA-­‐96	   415.9	   B	   175.2	   48.8	   172.7	   19	   4	   9.9	  
RA-­‐102	   417.4	   B	   209.3	   47.3	   196.6	   22.6	   4	   12.6	  
RA-­‐104	   417.9	   B	   178.2	   69.7	   172	   40.1	   4	   12.4	  
RA-­‐105	   418.7	   B	   193	   49.3	   184.9	   21.4	   3	   7.1	  
RA-­‐109	   419.6	   B	   194.5	   55.5	   184.2	   27.5	   4	   5.5	  
RA-­‐112	   420.4	   B	   190	   43.1	   184	   14.8	   4	   8.3	  
RA-­‐115	   421.3	   B	   154.1	   49.4	   158.1	   20	   3	   8.7	  
RA-­‐134	   426.3	   B	   166.4	   44.2	   166.5	   14.2	   4	   6.9	  
RA-­‐135	   427.1	   B	   169.1	   43	   168.8	   13	   4	   9.1	  
RA-­‐136	   427.4	   B	   131.2	   55.2	   144.7	   28.6	   6	   7.9	  
RA-­‐137	   428.0	   B	   188	   55.4	   180.3	   26.7	   4	   10.3	  
RA-­‐138	   428.4	   B	   192.5	   54	   183.2	   25.9	   4	   6.9	  
RB-­‐6	   328.6	   C	   204.9	   16.1	   203.6	   -­‐8.1	   3	   3.8	  
RB-­‐10	   329.7	   C	   191	   32.4	   187.1	   4.6	   4	   9.7	  
RB-­‐12	   330.1	   C	   200.9	   11	   201.3	   -­‐14	   5	   10.2	  
RB-­‐15	   331.0	   C	   231.4	   37.8	   216.8	   21.1	   3	   7.6	  
RB-­‐64	   343.0	   C	   153.3	   14.6	   153.3	   -­‐14.6	   3	   10.6	  
RB-­‐67	   343.9	   C	   188.2	   -­‐10.2	   193.7	   -­‐37.8	   4	   12.8	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RB-­‐68	   344.1	   C	   157.1	   -­‐11.7	   154.1	   -­‐41.1	   4	   13.3	  
RB-­‐69	   344.4	   C	   185.7	   24	   184.1	   -­‐4.6	   4	   12.5	  
RB-­‐70	   344.6	   C	   186.9	   15.3	   186.7	   -­‐13	   4	   8.2	  
RB-­‐95	   350.7	   C	   202.3	   23.1	   199.1	   -­‐2	   3	   14.7	  
RB-­‐111	   354.5	   C	   198.1	   22	   195.6	   -­‐4.1	   6	   10.3	  
RB-­‐115	   355.7	   C	   177	   7.9	   177.7	   -­‐21.6	   4	   12.1	  
RB-­‐117	   356.2	   C	   197.6	   25.5	   194.3	   -­‐0.8	   3	   12.6	  
RB-­‐133	   360.1	   C	   143.8	   -­‐0.1	   140.6	   -­‐27.5	   3	   9.2	  
RB-­‐140	   362.0	   C	   153.5	   -­‐3.2	   151.1	   -­‐32.3	   5	   8.9	  
RB-­‐149	   364.7	   C	   162.1	   45.7	   163.4	   15.8	   6	   13.1	  
RB-­‐173	   370.4	   C	   163	   42.4	   164	   12.5	   6	   14.8	  
RB-­‐176	   371.2	   C	   162.5	   49.7	   163.9	   19.8	   3	   6.3	  
RB-­‐181	   372.5	   C	   179.7	   3.9	   181.1	   -­‐25.3	   4	   10.1	  
RB-­‐186	   373.9	   C	   173.7	   14.1	   173.7	   -­‐15.7	   4	   12	  
RB-­‐195	   376.6	   C	   188.7	   6.3	   190.3	   -­‐21.5	   4	   13.4	  
RB-­‐197	   377.1	   C	   161.3	   21.2	   161.5	   -­‐8.7	   4	   8	  
RB-­‐211	   380.7	   C	   174.4	   62.4	   171	   32.6	   4	   13.7	  
RB-­‐213	   381.2	   C	   160.3	   55.8	   162.8	   25.9	   7	   13.9	  
RB-­‐219	   382.5	   C	   130.6	   65.6	   148.8	   38.5	   5	   12.2	  
RB-­‐221	   383.0	   C	   163.7	   40.6	   164.4	   10.6	   5	   12.9	  
RB-­‐225	   384.1	   C	   174	   25.2	   173.4	   -­‐4.5	   4	   12.5	  
RB-­‐228	   384.8	   C	   181.3	   22.6	   180.3	   -­‐6.6	   4	   15.2	  
RB-­‐236	   386.9	   C	   188.1	   19.3	   187.1	   -­‐8.9	   4	   11.5	  
RB-­‐237	   387.2	   C	   215.5	   20.8	   211.4	   -­‐0.1	   6	   14.7	  
RB-­‐238	   387.3	   C	   212.7	   24.4	   207.7	   2.3	   3	   9.7	  
RB-­‐243	   388.6	   C	   208.9	   22.7	   205	   -­‐0.5	   3	   10.7	  
RA-­‐5	   393.2	   C	   167.5	   59.2	   167.3	   29.2	   4	   13.8	  
RA-­‐10	   394.5	   C	   177.3	   52.8	   173.8	   23.1	   7	   14.5	  
RA-­‐11	   395.1	   C	   151	   11.4	   150.6	   -­‐17.4	   5	   5.9	  
RA-­‐15	   396.1	   C	   156.4	   36.6	   158.4	   6.9	   3	   8.2	  
RA-­‐27	   398.8	   C	   183.1	   22.8	   181.8	   -­‐6.2	   4	   6.6	  
RA-­‐34	   400.5	   C	   197	   28.4	   193.1	   1.8	   3	   11.4	  
RA-­‐37	   401.3	   C	   196	   20.4	   194.2	   -­‐6.1	   6	   9	  
RA-­‐81	   412.1	   C	   172.4	   22.8	   172	   -­‐7.1	   4	   7.9	  
RA-­‐84	   412.8	   C	   194.6	   -­‐2.1	   198.7	   -­‐28.3	   5	   6.4	  
RA-­‐88	   413.8	   C	   196.8	   11.9	   197.1	   -­‐14.2	   6	   11	  
RA-­‐89	   414.1	   C	   193.7	   23.2	   191.5	   -­‐4	   5	   14.6	  
RA-­‐90	   414.4	   C	   169.9	   0.9	   170.3	   -­‐29.1	   5	   13.7	  
RA-­‐101	   417.3	   C	   186.2	   22.1	   184.9	   -­‐6.5	   7	   4.5	  
RA-­‐106	   419.0	   C	   217.1	   2.2	   220.2	   -­‐16.7	   5	   13.2	  
RA-­‐115	   421.3	   C	   168.8	   13.7	   168.8	   -­‐16.2	   4	   9.9	  
RA-­‐136	   427.4	   C	   171.1	   29.6	   170.6	   -­‐0.3	   3	   5.8	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RA-­‐137	   428.0	   C	   174	   22.9	   173.5	   -­‐6.9	   5	   12.4	  
RA-­‐138	   428.4	   C	   180.1	   22.5	   179.2	   -­‐6.7	   7	   9.9	  
RA-­‐172	   436.4	   C	   187.2	   8.7	   188.2	   -­‐19.5	   6	   3.6	  
RA-­‐173	   436.6	   C	   169.5	   11.1	   169.6	   -­‐18.9	   7	   3.5	  
RA-­‐174	   436.9	   C	   181.1	   -­‐0.4	   183.3	   -­‐29.4	   7	   2.7	  
RA-­‐175	   437.2	   C	   185.3	   3.4	   187.2	   -­‐25	   5	   7	  
RA-­‐176	   437.3	   C	   183	   12.4	   183.3	   -­‐16.4	   7	   3.5	  
RA-­‐177	   437.7	   C	   185.3	   -­‐3.4	   188.7	   -­‐31.7	   7	   3.1	  
RA-­‐178	   438.0	   C	   177.8	   8.7	   178.4	   -­‐20.7	   7	   3.8	  
RA-­‐181	   438.7	   C	   176.4	   9.7	   176.8	   -­‐19.9	   10	   5.8	  
RA-­‐184	   439.4	   C	   182.4	   14.8	   182.4	   -­‐14.2	   7	   2.8	  
RA-­‐185	   439.7	   C	   179.8	   8.7	   180.5	   -­‐20.5	   6	   3.6	  
RA-­‐186	   440.0	   C	   178.5	   6.8	   179.3	   -­‐22.6	   7	   2.4	  
RA-­‐187	   440.2	   C	   182.9	   9.6	   183.5	   -­‐19.2	   7	   3.7	  
RA-­‐188	   440.5	   C	   181	   8.5	   181.8	   -­‐20.7	   7	   3.9	  
RA-­‐189	   440.7	   C	   186.8	   7.6	   188	   -­‐20.6	   6	   5.7	  
RA-­‐190	   441.0	   C	   188.7	   9.4	   189.6	   -­‐18.4	   6	   2.8	  
RA-­‐191	   442.1	   C	   180	   1.1	   181.8	   -­‐28	   6	   3.5	  
RA-­‐192	   442.7	   C	   185.2	   4.8	   186.9	   -­‐23.6	   7	   4.3	  
RA-­‐195	   443.9	   C	   180.9	   8.9	   181.7	   -­‐20.2	   6	   2.9	  
RA-­‐196	   444.1	   C	   177	   14.2	   177	   -­‐15.4	   7	   4.8	  
RA-­‐197	   444.4	   C	   183	   26.2	   181.3	   -­‐2.8	   4	   8.2	  
RA-­‐200	   445.1	   C	   185.1	   4.5	   186.9	   -­‐24	   6	   4.1	  
RA-­‐201	   445.3	   C	   186.8	   -­‐0.2	   189.6	   -­‐28.3	   6	   3.2	  
RA-­‐206	   446.7	   C	   187.6	   24.2	   185.7	   -­‐4.1	   6	   14.7	  
RA-­‐207	   447.2	   C	   176.6	   21	   176	   -­‐8.6	   7	   12.9	  
RA-­‐208	   447.5	   C	   178.3	   18.9	   177.9	   -­‐10.6	   7	   10.1	  
RB-­‐47	   338.8	   D	   0.9	   -­‐39.5	   357.9	   -­‐10.1	   6	   5	  
RA-­‐128	   424.3	   D	   1.2	   50.7	   34.2	   77.8	   10	   12.7	  
RA-­‐143	   429.5	   D	   350.8	   37	   354.8	   66.9	   9	   13.1	  
RA-­‐146	   430.1	   D	   351	   43.6	   357.3	   73.4	   10	   11.2	  
RA-­‐147	   430.4	   D	   343.4	   43.5	   338	   73.4	   10	   10.7	  
RA-­‐148	   430.7	   D	   4.4	   36.1	   19.8	   63.6	   10	   8.4	  
RA-­‐149	   430.9	   D	   2.6	   51.7	   40	   78	   10	   10.9	  
RA-­‐150	   431.1	   D	   8.9	   32.7	   24.7	   59.1	   9	   12.9	  
RA-­‐151	   431.5	   D	   8.2	   44.7	   36.1	   70.1	   10	   15.3	  
RA-­‐154	   432.0	   D	   5.8	   38.4	   24.3	   65.4	   10	   6.3	  
RA-­‐155	   432.2	   D	   359.6	   45.6	   20	   73.8	   10	   14.6	  
RA-­‐156	   432.5	   D	   3.7	   49.6	   36.8	   76	   10	   10.2	  
RA-­‐157	   432.7	   D	   6.4	   52.4	   50.5	   76.9	   8	   5.2	  
RA-­‐158	   433.0	   D	   359.3	   38.6	   12.5	   67.3	   8	   6	  
RA-­‐159	   433.2	   D	   352.9	   39	   359.6	   68.6	   8	   7.7	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RA-­‐160	   433.6	   D	   356	   18.9	   359.9	   48.4	   7	   5.9	  
RA-­‐162	   434.0	   D	   355.3	   35.7	   3.3	   65.2	   9	   6.3	  
RA-­‐163	   434.1	   D	   350.2	   36.2	   353.5	   66.2	   10	   5.8	  
RA-­‐164	   434.4	   D	   348.8	   26.2	   349.9	   56.1	   9	   5.7	  
RA-­‐166	   435.0	   D	   354.2	   8.7	   356	   38.4	   12	   5.1	  
RA-­‐167	   435.2	   D	   356.3	   15.9	   359.7	   45.4	   11	   9.4	  
RA-­‐168	   435.5	   D	   357.6	   21.7	   2.8	   50.9	   9	   4.1	  
RA-­‐169	   435.7	   D	   356.7	   26	   2.5	   55.3	   10	   3.4	  
RA-­‐170	   436.0	   D	   358.3	   33.7	   7.8	   62.6	   10	   5	  
RA-­‐180	   438.6	   D	   7.2	   30.9	   20.8	   58	   11	   5.2	  
RA-­‐193	   443.0	   D	   10	   10.9	   16.1	   38.1	   8	   4.8	  
RA-­‐198	   444.6	   D	   5.4	   26.3	   15.7	   54	   8	   5.4	  
RA-­‐199	   444.9	   D	   347.4	   40	   347.7	   70	   8	   4.6	  
RA-­‐205	   446.5	   D	   2.8	   42.9	   23.6	   70.4	   9	   3.1	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APPENDIX 3: PALEOMAGNETIC AND ROCK MAGNETIC DATA FROM THE 
RAINSTORM MEMBER OF THE JOHNNIE FORMATION (CHAPTER 2) 
Table 1: Characteristic Magnetizations from alternating field and thermal 
demagnetization steps as described in Chapter 2. Data listed are: Locality: the location in 
Death Valley where the Rainstorm Member was sampled, WPH = Winters Pass Hills, NR 
= Nopah Range, Name: Sample Name, Position (m): Stratigraphic position in meters 
above the Johnnie Oolite, Comp: Component of magnetization as described in chapter 1, 
Geo Dec: Magnetic declination in geographic coordinates, Geo Inc: Magnetic inclination 
in geographic coordinates, Tilt Dec: Magnetic declination in tilt corrected coordinates, 
Tilt Inc: Magnetic inclination in tilt corrected coordinates, MAD: Maximum Angular 
Deviation of fit. 
Locality	   Name	   Position	  (m)	  Geo	  Dec	   Geo	  Inc	   Tilt	  Dec	   Tilt	  Inc	   MAD	  
WPH	   5p0z	   5.0	   281.6	   25.9	   291.5	   0.2	   9.7	  
WPH	   5p0y	   5.0	   297.6	   31.4	   306.0	   -­‐3.9	   6.5	  
WPH	   JMW8-­‐0	   8.0	   60.7	   -­‐20.7	   81.3	   -­‐24.2	   3.9	  
WPH	   8p0x	   8.0	   128.5	   -­‐65.3	   149.5	   -­‐22.0	   7.1	  
WPH	   11p0x	   11.0	   317.0	   78.9	   338.9	   33.1	   0.7	  
WPH	   JMW11-­‐0A	   11.0	   311.1	   67.8	   331.7	   23.7	   2.3	  
WPH	   JMW11-­‐0b	   11.0	   326.0	   66.3	   337.0	   20.3	   2.6	  
WPH	   JMW14-­‐5a	   14.5	   69.7	   24.1	   53.0	   11.4	   2.0	  
WPH	   JMW14-­‐5b	   14.5	   68.6	   22.8	   53.4	   9.8	   3.1	  
WPH	   JMW14-­‐5c	   14.5	   70.9	   24.8	   53.2	   12.7	   2.7	  
WPH	   14-­‐5D	   14.5	   76.3	   27.1	   76.3	   -­‐22.8	   4.2	  
WPH	   14-­‐5E	   14.5	   78.1	   27.7	   78.0	   -­‐22.2	   7.1	  
WPH	   17p5x	   17.5	   146.6	   -­‐0.6	   138.0	   46.0	   1.2	  
WPH	   JMW17-­‐5A	   17.5	   92.2	   25.4	   64.7	   28.8	   2.4	  
WPH	   20p5x	   20.5	   292.1	   34.1	   303.7	   -­‐1.2	   4.6	  
WPH	   JMW20-­‐5b	   20.5	   291.1	   38.4	   305.8	   2.6	   10.9	  
WPH	   JMW20-­‐5a	   20.5	   292.6	   41.9	   308.7	   4.7	   19.8	  
WPH	   20p5y	   20.5	   309.2	   36.4	   316.6	   -­‐6.9	   8.6	  
WPH	   JMW31-­‐6b	   31.6	   280.4	   30.1	   293.5	   2.2	   18.8	  
  141 
WPH	   JMW31-­‐6	   31.6	   281.7	   26.1	   291.7	   -­‐1.5	   9.0	  
WPH	   34p5x	   34.5	   288.2	   47.0	   309.5	   10.8	   14.0	  
WPH	   37p6x	   37.6	   313.2	   24.8	   313.9	   -­‐22.2	   3.0	  
WPH	   JMW37-­‐6	   37.6	   246.2	   -­‐14.0	   238.6	   -­‐1.2	   9.2	  
WPH	   JMW37-­‐6b	   37.6	   246.9	   -­‐8.5	   243.4	   1.5	   6.7	  
WPH	   JMW40-­‐5a	   40.5	   235.8	   32.1	   273.4	   32.5	   1.8	  
WPH	   JMW40-­‐5b	   40.5	   238.4	   33.0	   275.5	   31.0	   3.6	  
WPH	   JMW40-­‐5c	   40.5	   234.3	   36.3	   277.5	   35.3	   3.5	  
WPH	   43p5x	   43.5	   273.9	   24.9	   286.0	   0.4	   6.9	  
WPH	   43p5y	   43.5	   253.9	   35.4	   284.4	   20.7	   9.2	  
WPH	   JMW43-­‐5	   43.5	   299.1	   29.6	   305.3	   -­‐11.5	   1.1	  
WPH	   43-­‐5D	   43.5	   287.3	   24.2	   331.1	   59.8	   3.1	  
WPH	   JMW49-­‐4b	   49.4	   255.0	   31.5	   281.3	   17.9	   6.1	  
WPH	   57p5x	   57.5	   60.6	   -­‐24.9	   88.3	   -­‐25.5	   1.8	  
WPH	   JMW57-­‐5a	   57.5	   40.6	   12.1	   43.5	   -­‐18.9	   1.9	  
WPH	   JMW57-­‐5b	   57.5	   39.1	   13.3	   41.5	   -­‐19.1	   1.9	  
NR	   J1A	   10.0	   102.8	   26.4	   92.8	   1.4	   1.5	  
NR	   J1C	   10.6	   110.9	   47.9	   83.0	   21.7	   2.5	  
NR	   J1B	   10.6	   143.5	   42.2	   103.9	   36.7	   6.7	  
NR	   J1D	   14.0	   291.8	   -­‐77.7	   235.3	   -­‐40.1	   4.0	  
NR	   J1E	   14.6	   243.1	   -­‐10.8	   246.5	   30.4	   4.2	  
NR	   J1F	   15.0	   304.1	   -­‐2.3	   304.2	   2.6	   8.4	  
NR	   J1H	   20.7	   282.5	   -­‐48.0	   258.6	   -­‐17.9	   6.8	  
NR	   J1G	   20.7	   207.6	   -­‐6.2	   204.3	   37.6	   14.6	  
NR	   J1I	   21.5	   298.7	   -­‐9.8	   295.1	   0.9	   11.3	  
NR	   J1J	   25.0	   284.7	   -­‐5.7	   287.6	   13.3	   10.4	  
NR	   J1K	   25.5	   165.9	   -­‐19.7	   169.5	   8.7	   18.0	  
NR	   J1L	   26.6	   277.9	   -­‐39.8	   261.3	   -­‐9.4	   18.3	  
NR	   J1M	   29.2	   260.5	   -­‐31.2	   253.9	   5.4	   4.5	  
NR	   J1N	   29.2	   261.0	   2.8	   272.7	   34.6	   4.4	  
NR	   J1O	   30.5	   228.0	   -­‐47.5	   225.4	   -­‐2.8	   6.4	  
NR	   J1Q	   34.6	   89.1	   38.1	   76.6	   4.1	   4.2	  
NR	   J1P	   34.6	   63.5	   56.5	   53.1	   13.4	   3.9	  
NR	   J1R	   35.7	   98.6	   17.8	   95.1	   -­‐7.8	   6.4	  
NR	   J1S	   37.8	   80.5	   -­‐40.3	   135.7	   -­‐60.2	   7.7	  
NR	   J1U	   38.4	   91.3	   31.3	   210.4	   -­‐50.3	   6.4	  
NR	   J1T	   38.9	   87.2	   -­‐81.7	   81.8	   -­‐0.6	   5.9	  
NR	   J1W	   40.9	   262.7	   -­‐42.5	   312.9	   51.6	   9.2	  
NR	   J1V	   41.2	   269.4	   35.2	   250.2	   -­‐5.4	   5.2	  
NR	   J1X	   41.5	   252.4	   -­‐2.3	   260.6	   34.6	   2.4	  
  142 
 Table 2: Component 1 directions from the Nopah Range (interpreted as a pre-
exhumation Miocene aged overprint). Table headings are as in Table 2. Unblocking T: 
temperature at which component 1 unblocks in degrees Celsius. 
 
Sample	   Position	  (m)	   Unblocking	  T	   geo	  dec	   geo	  inc	   tilt	  dec	   tilt	  inc	   MAD	  
J1A-­‐1	   10	   300	   297	   77.5	   22.1	   46.4	   2.9	  
J1B-­‐1	   10.6	   400	   302.7	   60.6	   359.8	   41.2	   5.6	  
J1C-­‐2	   10.6	   550	   283.6	   70.2	   11.5	   50.4	   5.7	  
J1D-­‐1	   14	   350	   299.4	   68.2	   9.1	   44.7	   6.4	  
J1D-­‐1	   14	   590	   290.9	   -­‐78.2	   234.6	   -­‐40.2	   4.1	  
J1E-­‐2	   14.6	   300	   292.7	   60.6	   357.4	   46	   6.2	  
J1F-­‐1	   15	   450	   266.4	   61.6	   358.3	   58.7	   18.9	  
J1G-­‐1	   20.7	   300	   320.8	   70	   14.7	   38.2	   12.2	  
J1H-­‐1	   20.7	   300	   287.7	   35.1	   323.9	   38.8	   9.5	  
J1J-­‐1	   25	   400	   269.9	   71.6	   15.4	   54.3	   5.3	  
J1L-­‐1	   26.6	   500	   294.6	   25.8	   319.2	   28.6	   15.7	  
J1M-­‐1	   29.2	   350	   340.2	   66.3	   16.3	   30.3	   6.1	  
J1N-­‐1	   29.2	   500	   309.4	   60.5	   1.2	   38.2	   9.7	  
J1P-­‐1	   34.6	   500	   322.6	   73.2	   18.5	   39.1	   6.3	  
J1Q-­‐1	   34.6	   300	   277.5	   58.3	   352.4	   53.4	   8.1	  
J1S-­‐2	   37.8	   350	   293	   53.2	   347.6	   43.6	   4.7	  
J1T-­‐1	   38.9	   400	   296.3	   62.6	   0.9	   44.8	   5.6	  
J1V-­‐1	   41.2	   400	   303	   40.5	   337.5	   31.6	   5.6	  
J1X-­‐1	   41.5	   300	   324	   60.7	   5.7	   32.1	   5.6	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Table 3: Magnetic susceptibility profile for the Johnnie Formation from the Nopah 
Range and Winters Pass hills filtered as described in chapter 2, centered on the mean. 
Units of magnetic susceptibility are m3 kg--1. 
 
Winters	  Pass	  
Position	  (m)	  
Magnetic	  
Susceptibility	  
Nopah	  Range	  
Position	  (m)	  
Magnetic	  
Susceptibility	  
0.6	   4.60E-­‐08	   6.2	   1.03E-­‐08	  
0.8	   5.15E-­‐08	   6.5	   1.62E-­‐08	  
1.0	   4.00E-­‐08	   6.7	   7.32E-­‐09	  
1.2	   4.45E-­‐08	   7.0	   2.02E-­‐08	  
1.4	   3.81E-­‐08	   7.2	   1.51E-­‐09	  
1.6	   3.87E-­‐08	   7.5	   -­‐1.42E-­‐08	  
1.8	   4.72E-­‐08	   7.7	   -­‐2.35E-­‐09	  
2.0	   4.38E-­‐08	   8.0	   -­‐1.01E-­‐08	  
2.2	   3.95E-­‐08	   8.2	   -­‐1.49E-­‐08	  
2.4	   3.61E-­‐08	   8.5	   -­‐1.16E-­‐08	  
2.6	   4.18E-­‐08	   8.7	   -­‐1.35E-­‐08	  
2.8	   3.75E-­‐09	   9.0	   9.16E-­‐09	  
3.0	   4.02E-­‐08	   9.2	   -­‐3.68E-­‐09	  
3.2	   3.59E-­‐08	   9.5	   4.07E-­‐10	  
3.4	   4.76E-­‐08	   9.7	   -­‐4.40E-­‐09	  
3.6	   4.74E-­‐08	   10.0	   -­‐1.17E-­‐08	  
3.8	   4.12E-­‐08	   10.2	   -­‐1.31E-­‐08	  
4.0	   3.80E-­‐08	   10.5	   -­‐1.55E-­‐08	  
4.2	   4.18E-­‐08	   10.7	   4.66E-­‐09	  
4.4	   -­‐1.05E-­‐08	   11.0	   8.63E-­‐09	  
4.6	   3.35E-­‐08	   11.2	   8.57E-­‐09	  
4.8	   -­‐2.39E-­‐08	   11.5	   1.70E-­‐08	  
5.0	   -­‐1.73E-­‐08	   11.7	   1.70E-­‐08	  
5.2	   4.43E-­‐08	   12.0	   5.49E-­‐09	  
5.4	   -­‐2.35E-­‐09	   12.2	   -­‐5.36E-­‐09	  
5.6	   3.32E-­‐08	   12.5	   -­‐1.12E-­‐08	  
5.8	   3.83E-­‐08	   12.7	   -­‐8.75E-­‐09	  
6.0	   -­‐3.60E-­‐08	   13.0	   -­‐1.96E-­‐10	  
6.2	   -­‐2.66E-­‐08	   13.2	   -­‐3.61E-­‐09	  
6.4	   4.34E-­‐08	   13.5	   2.34E-­‐09	  
6.6	   -­‐2.86E-­‐08	   13.7	   -­‐1.22E-­‐08	  
6.8	   -­‐4.35E-­‐08	   14.0	   3.44E-­‐09	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7.0	   -­‐2.84E-­‐08	   14.2	   -­‐2.43E-­‐10	  
7.2	   -­‐2.73E-­‐08	   14.5	   -­‐5.68E-­‐09	  
7.4	   2.12E-­‐08	   14.7	   2.28E-­‐08	  
7.6	   1.74E-­‐08	   15.0	   1.50E-­‐08	  
7.8	   -­‐4.03E-­‐08	   15.2	   2.60E-­‐08	  
8.0	   -­‐4.26E-­‐08	   15.5	   1.70E-­‐08	  
8.2	   9.49E-­‐09	   15.7	   4.21E-­‐09	  
8.4	   1.21E-­‐08	   16.0	   2.57E-­‐08	  
8.6	   -­‐1.75E-­‐08	   16.2	   -­‐1.03E-­‐09	  
8.8	   2.42E-­‐08	   16.5	   -­‐1.17E-­‐10	  
9.0	   -­‐1.73E-­‐08	   16.7	   -­‐1.12E-­‐08	  
9.2	   -­‐2.96E-­‐08	   17.0	   -­‐7.16E-­‐10	  
9.4	   -­‐2.62E-­‐08	   17.2	   6.24E-­‐10	  
9.6	   -­‐3.09E-­‐08	   17.5	   -­‐1.41E-­‐08	  
9.8	   -­‐2.66E-­‐08	   17.7	   -­‐1.05E-­‐08	  
10.0	   -­‐1.47E-­‐08	   18.0	   -­‐3.08E-­‐09	  
10.2	   3.63E-­‐09	   18.2	   -­‐8.79E-­‐09	  
10.4	   4.27E-­‐08	   18.5	   -­‐1.62E-­‐08	  
10.6	   -­‐1.08E-­‐08	   18.7	   1.60E-­‐10	  
10.8	   -­‐1.92E-­‐08	   19.0	   -­‐8.66E-­‐09	  
11.0	   6.34E-­‐08	   19.2	   -­‐5.91E-­‐09	  
11.2	   4.90E-­‐08	   19.5	   -­‐6.51E-­‐09	  
11.4	   -­‐1.22E-­‐10	   19.7	   -­‐1.25E-­‐08	  
11.6	   6.29E-­‐09	   20.0	   -­‐1.04E-­‐09	  
11.8	   6.18E-­‐08	   20.2	   1.47E-­‐09	  
12.0	   -­‐2.23E-­‐08	   20.5	   1.25E-­‐08	  
12.2	   2.00E-­‐08	   20.7	   1.99E-­‐08	  
12.4	   -­‐4.59E-­‐09	   21.0	   -­‐4.31E-­‐09	  
12.6	   -­‐1.40E-­‐08	   21.2	   6.23E-­‐09	  
12.8	   9.70E-­‐09	   21.5	   9.95E-­‐09	  
13.0	   9.01E-­‐09	   21.7	   -­‐4.03E-­‐10	  
13.2	   1.93E-­‐09	   22.0	   -­‐4.50E-­‐09	  
13.4	   -­‐3.33E-­‐09	   22.2	   -­‐9.28E-­‐09	  
13.6	   -­‐7.89E-­‐09	   22.5	   -­‐8.83E-­‐09	  
13.8	   -­‐7.13E-­‐09	   22.7	   -­‐9.44E-­‐09	  
14.0	   -­‐6.17E-­‐09	   23.0	   -­‐8.91E-­‐09	  
14.2	   -­‐1.31E-­‐08	   23.2	   6.26E-­‐09	  
14.4	   -­‐2.79E-­‐08	   23.5	   1.19E-­‐08	  
14.6	   -­‐2.01E-­‐08	   23.7	   -­‐5.66E-­‐09	  
14.8	   -­‐1.94E-­‐08	   24.0	   -­‐1.07E-­‐08	  
15.0	   -­‐4.94E-­‐09	   24.2	   -­‐3.50E-­‐09	  
15.2	   -­‐1.43E-­‐08	   24.5	   -­‐9.33E-­‐09	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15.4	   -­‐1.43E-­‐08	   24.7	   -­‐6.84E-­‐09	  
15.6	   -­‐1.10E-­‐08	   25.0	   -­‐6.76E-­‐09	  
15.8	   -­‐1.08E-­‐08	   25.2	   1.67E-­‐08	  
16.0	   -­‐1.26E-­‐08	   25.5	   -­‐6.06E-­‐10	  
16.2	   -­‐1.08E-­‐08	   25.7	   -­‐4.21E-­‐09	  
16.4	   -­‐6.35E-­‐09	   26.0	   4.78E-­‐09	  
16.6	   -­‐7.63E-­‐09	   26.2	   -­‐2.44E-­‐09	  
16.8	   -­‐6.71E-­‐09	   26.5	   3.53E-­‐09	  
17.0	   -­‐7.69E-­‐09	   26.7	   6.25E-­‐09	  
17.2	   -­‐9.97E-­‐09	   27.0	   -­‐1.87E-­‐10	  
17.4	   -­‐3.76E-­‐09	   27.2	   -­‐1.74E-­‐09	  
17.6	   -­‐1.26E-­‐08	   27.5	   -­‐1.83E-­‐09	  
17.8	   -­‐7.84E-­‐09	   27.7	   6.39E-­‐09	  
18.0	   -­‐5.83E-­‐09	   28.0	   -­‐3.29E-­‐09	  
18.2	   -­‐6.63E-­‐09	   28.2	   -­‐2.51E-­‐09	  
18.4	   1.96E-­‐09	   28.5	   1.21E-­‐08	  
18.6	   -­‐1.35E-­‐09	   28.7	   9.45E-­‐09	  
18.8	   -­‐2.63E-­‐10	   29.0	   9.73E-­‐09	  
19.0	   -­‐3.99E-­‐09	   29.2	   1.19E-­‐08	  
19.2	   -­‐3.72E-­‐09	   29.5	   3.99E-­‐09	  
19.4	   3.74E-­‐09	   29.7	   -­‐3.61E-­‐09	  
19.6	   1.32E-­‐08	   30.0	   -­‐4.51E-­‐09	  
19.8	   3.04E-­‐09	   30.2	   2.23E-­‐08	  
20.0	   -­‐3.83E-­‐09	   30.5	   7.85E-­‐09	  
20.2	   -­‐4.71E-­‐09	   30.7	   -­‐4.46E-­‐09	  
20.4	   8.81E-­‐09	   31.0	   1.05E-­‐08	  
20.6	   2.51E-­‐09	   31.2	   -­‐5.81E-­‐09	  
20.8	   3.60E-­‐09	   31.5	   -­‐1.84E-­‐09	  
21.0	   -­‐1.62E-­‐09	   31.7	   4.10E-­‐10	  
21.2	   1.44E-­‐09	   32.0	   -­‐1.06E-­‐08	  
21.4	   7.20E-­‐09	   32.2	   -­‐7.05E-­‐09	  
21.6	   -­‐2.62E-­‐08	   32.5	   1.61E-­‐08	  
21.8	   3.07E-­‐09	   32.7	   7.54E-­‐09	  
22.0	   3.28E-­‐09	   33.0	   -­‐3.88E-­‐09	  
22.2	   5.78E-­‐09	   33.2	   -­‐1.29E-­‐08	  
22.4	   7.56E-­‐09	   33.5	   -­‐6.48E-­‐09	  
22.6	   9.53E-­‐09	   33.7	   2.61E-­‐09	  
22.8	   2.49E-­‐09	   34.0	   -­‐1.98E-­‐10	  
23.0	   -­‐3.17E-­‐09	   34.2	   1.06E-­‐08	  
23.2	   4.45E-­‐09	   34.5	   3.39E-­‐09	  
23.4	   2.17E-­‐08	   34.7	   -­‐1.56E-­‐08	  
23.6	   5.36E-­‐09	   35.0	   -­‐1.80E-­‐08	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23.8	   4.53E-­‐09	   35.2	   -­‐1.38E-­‐08	  
24.0	   3.10E-­‐09	   35.5	   -­‐2.02E-­‐08	  
24.2	   2.24E-­‐09	   35.7	   -­‐1.87E-­‐08	  
24.4	   1.69E-­‐10	   36.0	   1.09E-­‐09	  
24.6	   1.18E-­‐09	   36.2	   2.72E-­‐09	  
24.8	   1.28E-­‐09	   36.5	   1.97E-­‐08	  
25.0	   8.36E-­‐09	   36.7	   4.32E-­‐09	  
25.2	   -­‐1.08E-­‐09	   37.0	   -­‐8.91E-­‐09	  
25.4	   -­‐9.14E-­‐09	   37.2	   -­‐8.55E-­‐09	  
25.6	   -­‐6.71E-­‐09	   37.5	   3.05E-­‐08	  
25.8	   -­‐9.49E-­‐09	   37.7	   1.70E-­‐08	  
26.0	   1.10E-­‐09	   38.0	   4.55E-­‐09	  
26.2	   2.98E-­‐09	   38.2	   -­‐8.61E-­‐09	  
26.4	   2.94E-­‐09	   38.5	   -­‐5.37E-­‐09	  
26.6	   -­‐3.11E-­‐10	   38.7	   -­‐8.11E-­‐09	  
26.8	   -­‐3.81E-­‐10	   39.0	   5.02E-­‐10	  
27.0	   1.83E-­‐09	   39.2	   -­‐7.50E-­‐10	  
27.2	   6.13E-­‐09	   39.5	   -­‐1.09E-­‐08	  
27.4	   -­‐4.59E-­‐09	   39.7	   -­‐9.30E-­‐09	  
27.6	   1.58E-­‐09	   40.0	   -­‐1.29E-­‐08	  
27.8	   2.03E-­‐09	   40.2	   -­‐1.96E-­‐08	  
28.0	   -­‐1.74E-­‐09	   40.5	   -­‐1.15E-­‐08	  
28.2	   -­‐3.01E-­‐09	   40.7	   -­‐7.45E-­‐09	  
28.4	   -­‐1.81E-­‐09	   41.0	   1.41E-­‐08	  
28.6	   -­‐6.32E-­‐09	   41.2	   8.72E-­‐09	  
28.8	   -­‐4.42E-­‐10	   41.5	   6.79E-­‐09	  
29.0	   -­‐4.28E-­‐09	   41.7	   8.78E-­‐09	  
29.2	   -­‐5.83E-­‐09	   42.0	   1.44E-­‐08	  
29.4	   -­‐9.30E-­‐09	   42.2	   -­‐7.15E-­‐10	  
29.6	   -­‐2.87E-­‐09	   42.5	   -­‐8.17E-­‐09	  
29.8	   -­‐5.86E-­‐09	   42.7	   5.02E-­‐09	  
30.0	   -­‐5.27E-­‐09	   43.0	   8.35E-­‐09	  
30.2	   -­‐2.38E-­‐09	   43.2	   2.14E-­‐08	  
30.4	   -­‐3.11E-­‐09	   43.5	   2.69E-­‐08	  
30.6	   -­‐2.55E-­‐09	   43.7	   2.38E-­‐08	  
30.8	   -­‐7.00E-­‐10	   44.0	   7.02E-­‐09	  
31.0	   -­‐7.86E-­‐09	   44.2	   3.06E-­‐09	  
31.2	   4.27E-­‐09	   44.5	   1.98E-­‐10	  
31.4	   2.69E-­‐09	   44.7	   -­‐5.62E-­‐09	  
31.6	   -­‐4.02E-­‐10	   45.0	   -­‐6.57E-­‐09	  
31.8	   -­‐2.40E-­‐09	  
	   	  32.0	   9.19E-­‐09	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32.2	   9.17E-­‐09	  
	   	  32.4	   6.55E-­‐09	  
	   	  32.6	   8.82E-­‐09	  
	   	  32.8	   5.28E-­‐09	  
	   	  33.0	   6.43E-­‐09	  
	   	  33.2	   8.98E-­‐09	  
	   	  33.4	   2.72E-­‐09	  
	   	  33.6	   6.86E-­‐09	  
	   	  33.8	   9.79E-­‐09	  
	   	  34.0	   5.72E-­‐09	  
	   	  34.2	   8.24E-­‐09	  
	   	  34.4	   1.26E-­‐09	  
	   	  34.6	   -­‐5.32E-­‐09	  
	   	  34.8	   1.33E-­‐08	  
	   	  35.0	   9.71E-­‐09	  
	   	  35.2	   7.42E-­‐09	  
	   	  35.4	   1.24E-­‐08	  
	   	  35.6	   2.07E-­‐08	  
	   	  35.8	   1.76E-­‐08	  
	   	  36.0	   8.84E-­‐09	  
	   	  36.2	   9.65E-­‐09	  
	   	  36.4	   2.45E-­‐09	  
	   	  36.6	   1.36E-­‐09	  
	   	  36.8	   8.26E-­‐09	  
	   	  37.0	   -­‐9.83E-­‐09	  
	   	  37.2	   -­‐6.02E-­‐09	  
	   	  37.4	   9.24E-­‐11	  
	   	  37.6	   -­‐7.29E-­‐09	  
	   	  37.8	   -­‐8.28E-­‐09	  
	   	  38.0	   -­‐7.59E-­‐10	  
	   	  38.2	   -­‐4.94E-­‐09	  
	   	  38.4	   9.88E-­‐10	  
	   	  38.6	   3.62E-­‐09	  
	   	  38.8	   1.75E-­‐09	  
	   	  39.0	   3.59E-­‐09	  
	   	  39.2	   5.03E-­‐09	  
	   	  39.4	   1.25E-­‐08	  
	   	  39.6	   9.32E-­‐09	  
	   	  39.8	   4.08E-­‐09	  
	   	  40.0	   5.33E-­‐09	  
	   	  40.2	   2.10E-­‐09	  
	   	  40.4	   8.37E-­‐09	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40.6	   -­‐7.66E-­‐09	  
	   	  40.8	   -­‐3.28E-­‐09	  
	   	  41.0	   -­‐1.49E-­‐09	  
	   	  41.2	   -­‐7.50E-­‐09	  
	   	  41.4	   -­‐2.60E-­‐09	  
	   	  41.6	   -­‐5.70E-­‐09	  
	   	  41.8	   -­‐2.29E-­‐09	  
	   	  42.0	   -­‐7.78E-­‐09	  
	   	  42.2	   -­‐3.60E-­‐10	  
	   	  42.4	   -­‐9.33E-­‐09	  
	   	  42.6	   -­‐1.58E-­‐08	  
	   	  42.8	   -­‐7.47E-­‐09	  
	   	  43.0	   -­‐8.43E-­‐09	  
	   	  43.2	   -­‐1.59E-­‐08	  
	   	  43.4	   -­‐2.13E-­‐08	  
	   	  43.6	   -­‐4.77E-­‐09	  
	   	  43.8	   -­‐2.14E-­‐08	  
	   	  44.0	   -­‐1.13E-­‐08	  
	   	  44.2	   -­‐4.06E-­‐09	  
	   	  44.4	   -­‐8.88E-­‐09	  
	   	  44.6	   -­‐1.24E-­‐08	  
	   	  44.8	   -­‐5.41E-­‐09	  
	   	  45.0	   2.80E-­‐10	  
	   	  45.2	   -­‐5.82E-­‐09	  
	   	  45.4	   -­‐1.15E-­‐08	  
	   	  45.6	   -­‐3.52E-­‐09	  
	   	  45.8	   4.79E-­‐09	  
	   	  46.0	   -­‐1.07E-­‐08	  
	   	  46.2	   -­‐4.19E-­‐09	  
	   	  46.4	   8.83E-­‐09	  
	   	  46.6	   9.45E-­‐09	  
	   	  46.8	   8.57E-­‐09	  
	   	  47.0	   1.13E-­‐08	  
	   	  47.2	   8.62E-­‐09	  
	   	  47.4	   3.75E-­‐09	  
	   	  47.6	   1.82E-­‐10	  
	   	  47.8	   -­‐1.69E-­‐09	  
	   	  48.0	   -­‐1.13E-­‐08	  
	   	  48.2	   -­‐2.32E-­‐09	  
	   	  48.4	   -­‐4.59E-­‐09	  
	   	  48.6	   -­‐2.16E-­‐09	  
	   	  48.8	   -­‐1.73E-­‐09	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49.0	   -­‐1.19E-­‐09	  
	   	  49.2	   1.65E-­‐08	  
	   	  49.4	   1.16E-­‐08	  
	   	  49.6	   -­‐4.05E-­‐10	  
	   	  49.8	   7.02E-­‐09	  
	   	  50.0	   -­‐3.85E-­‐09	  
	   	  50.2	   -­‐3.30E-­‐10	  
	   	  50.4	   -­‐1.15E-­‐08	  
	   	  50.6	   6.31E-­‐09	  
	   	  50.8	   6.22E-­‐09	  
	   	  51.0	   -­‐4.77E-­‐09	  
	   	  51.2	   3.04E-­‐09	  
	   	  51.4	   6.65E-­‐09	  
	   	  51.6	   7.65E-­‐09	  
	   	  51.8	   -­‐3.96E-­‐09	  
	   	  52.0	   -­‐3.77E-­‐09	  
	   	  52.2	   1.85E-­‐11	  
	   	  52.4	   3.90E-­‐09	  
	   	  52.6	   -­‐1.06E-­‐08	  
	   	  52.8	   -­‐7.45E-­‐09	  
	   	  53.0	   -­‐8.39E-­‐09	  
	   	  53.2	   -­‐1.02E-­‐08	  
	   	  53.4	   -­‐7.98E-­‐09	  
	   	  53.6	   -­‐1.49E-­‐08	  
	   	  53.8	   -­‐5.89E-­‐09	  
	   	  54.0	   1.71E-­‐08	  
	   	  54.2	   2.32E-­‐08	  
	   	  54.4	   -­‐1.25E-­‐08	  
	   	  54.6	   -­‐1.36E-­‐08	  
	   	  54.8	   -­‐1.24E-­‐08	  
	   	  55.0	   -­‐1.87E-­‐08	  
	   	  55.2	   -­‐1.89E-­‐08	  
	   	  55.4	   -­‐2.17E-­‐08	  
	   	  55.6	   -­‐2.53E-­‐08	  
	   	  55.8	   -­‐1.24E-­‐08	  
	   	  56.0	   -­‐1.61E-­‐08	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APPENDIX 4: PALEOMAGNETIC AND ROCK MAGNETIC DATA FROM THE 
WONOKA FORMATION (CHAPTER 3) 
Table 1: Paleomagnetic fits to thermal demagnetization steps as described in Chapter 3. 
Data listed are: Sample: Sample Name, Position: Stratigraphic position in meters above 
the base of the Wearing Dolomite, Geo Dec: Magnetic declination in geographic 
coordinates, Geo Inc: Magnetic inclination in geographic coordinates, Tilt Dec: 
Magnetic declination in tilt corrected coordinates, Tilt Inc: Magnetic inclination in tilt 
corrected coordinates, Demag Steps: Number of demagnetization steps fit, MAD: 
Maximum Angular Deviation of fit. 
Sample	   Position	  (m)	   Geo	  Dec	   Geo	  Inc	   Tilt	  Dec	   Tilt	  Inc	  
Demag	  
Steps	   MAD	  
24-­‐0D	   24	   248.2	   -­‐12.8	   219.7	   -­‐53.8	   4	   6.8	  
24-­‐0E	   24	   246.9	   -­‐9	   222.7	   -­‐50.1	   3	   6.2	  
48-­‐0B	   48	   270.7	   -­‐1.1	   263.6	   -­‐54.9	   6	   14	  
72q1	   72	   280.6	   21.4	   280.6	   -­‐33.7	   3	   14.1	  
96-­‐0E	   96	   72.3	   -­‐32.6	   75.8	   17.5	   3	   3.5	  
96-­‐0D	   96	   60.2	   -­‐23.1	   61	   20.7	   3	   6.9	  
120-­‐0E	   120	   237.9	   27.7	   241.9	   -­‐15.8	   4	   3	  
W120-­‐0A	   120	   257.4	   28.4	   258.5	   -­‐23.1	   3	   4.7	  
W120-­‐0B	   120	   255.8	   29.6	   257.4	   -­‐21.5	   4	   4.1	  
W120-­‐0C	   120	   260	   21.9	   258.5	   -­‐30	   5	   3.7	  
120-­‐0D	   120	   233.1	   31.8	   240.9	   -­‐10	   5	   3.7	  
W144-­‐0B	   144	   65.3	   -­‐70	   88.2	   -­‐17.9	   5	   11.6	  
168Q1	   168	   358.6	   -­‐49.3	   50.6	   -­‐32.7	   8	   12.1	  
W168-­‐0B	   168	   353.1	   -­‐62.8	   66.2	   -­‐38.3	   4	   24.7	  
W168-­‐0C	   168	   5.4	   -­‐72.2	   78.3	   -­‐34.5	   5	   34.5	  
196-­‐d	   196	   255.5	   54.6	   266.1	   2	   3	   8.8	  
196-­‐e	   196	   209.4	   -­‐0.7	   200.8	   -­‐16.2	   3	   12.9	  
W196-­‐0B	   196	   221	   46.5	   243.5	   7.2	   4	   10.8	  
W196-­‐0C	   196	   284.7	   54.7	   282.8	   -­‐0.1	   2	   13.1	  
W217-­‐0A	   217	   327	   67.4	   297.2	   18.4	   3	   11.3	  
W217-­‐0B	   217	   25	   47.9	   331.8	   34.6	   3	   4.8	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W244-­‐0A	   244	   259.5	   37.6	   263.4	   -­‐14.9	   3	   7	  
W244-­‐0B	   244	   240.6	   40.9	   251.2	   -­‐5.8	   4	   5.1	  
W264-­‐0A	   264	   273.9	   23.6	   273.4	   -­‐31.1	   10	   4	  
W264-­‐0B	   264	   268.6	   32.6	   269.7	   -­‐21.6	   10	   3	  
W264-­‐0C	   264	   251.2	   30.7	   254	   -­‐19	   10	   1	  
W288-­‐0C	   288	   257.8	   33.8	   260.6	   -­‐18.1	   10	   5.4	  
W288-­‐0A	   288	   277.8	   22.3	   277.6	   -­‐32.7	   5	   14.9	  
W288-­‐0B	   288	   286.2	   18.8	   287.2	   -­‐35.9	   11	   5.4	  
W310-­‐4A	   310	   247.6	   -­‐0.6	   231.6	   -­‐44.3	   10	   4.6	  
W310-­‐4B	   310	   252.5	   0.1	   237.9	   -­‐46.6	   9	   6.2	  
W310-­‐4C	   310	   251	   5.9	   240.4	   -­‐40.8	   8	   2.9	  
W336-­‐0B	   336	   257.6	   3.5	   246.7	   -­‐46.1	   6	   6.4	  
W384-­‐4A	   384.4	   245.4	   -­‐2.2	   227.9	   -­‐44.1	   5	   14.6	  
W408-­‐0A	   408	   254.3	   8.6	   245.9	   -­‐40.1	   3	   7.4	  
W408-­‐0B	   408	   251.7	   31.8	   254.9	   -­‐18	   3	   12.5	  
W408-­‐0C	   408	   257.8	   22.3	   256.5	   -­‐29	   8	   2.7	  
W432-­‐0A	   432	   75.6	   -­‐40.4	   81.3	   11.3	   5	   9.9	  
W432-­‐0B	   432	   90.9	   -­‐46.9	   93.7	   7.7	   5	   6.3	  
W504-­‐0C	   504	   274.7	   54.6	   276.9	   -­‐0.3	   6	   3.7	  
W504-­‐0B	   504	   289.5	   59.3	   284.8	   4.6	   3	   10.1	  
W553-­‐2A	   553	   54.6	   -­‐2.7	   41.8	   33.2	   5	   15.4	  
W553-­‐2C	   553	   52.3	   2	   35.8	   34.8	   4	   12.8	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Table 2: Magnetic susceptibility profile for the Wonoka Formation. Units of magnetic 
susceptibility are m3 kg--1. Position is given as meters above the base of the Wearing 
Dolomite.  
Position	  (m)	  
Magnetic	  
Susceptibility	  
0	   8.286E-­‐08	  
0.4	   6.946E-­‐08	  
0.8	   7.505E-­‐08	  
1.2	   9.359E-­‐08	  
1.6	   8.309E-­‐08	  
2	   1.036E-­‐07	  
2.4	   8.023E-­‐08	  
2.8	   1.220E-­‐07	  
3.2	   1.124E-­‐07	  
3.6	   8.990E-­‐08	  
4	   9.348E-­‐08	  
4.4	   8.323E-­‐08	  
4.8	   9.267E-­‐08	  
5.2	   1.056E-­‐07	  
5.6	   1.085E-­‐07	  
6	   9.505E-­‐08	  
6.4	   1.129E-­‐07	  
6.8	   1.058E-­‐07	  
7.2	   1.233E-­‐07	  
7.6	   1.116E-­‐07	  
8	   1.087E-­‐07	  
8.4	   1.065E-­‐07	  
8.8	   1.257E-­‐07	  
9.2	   7.812E-­‐08	  
9.6	   1.252E-­‐07	  
10	   1.063E-­‐07	  
10.4	   1.232E-­‐07	  
10.8	   1.187E-­‐07	  
11.2	   1.060E-­‐07	  
11.6	   8.779E-­‐08	  
12	   8.534E-­‐08	  
12.4	   1.023E-­‐07	  
12.8	   1.249E-­‐07	  
13.2	   1.203E-­‐07	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13.6	   8.379E-­‐08	  
14	   1.103E-­‐07	  
14.4	   8.990E-­‐08	  
14.8	   1.151E-­‐07	  
15.2	   8.211E-­‐08	  
15.6	   1.021E-­‐07	  
16	   1.263E-­‐07	  
16.4	   1.153E-­‐07	  
16.8	   1.104E-­‐07	  
17.2	   1.136E-­‐07	  
17.6	   7.868E-­‐08	  
18	   1.047E-­‐07	  
18.4	   1.123E-­‐07	  
18.8	   9.083E-­‐08	  
19.2	   8.778E-­‐08	  
19.6	   9.441E-­‐08	  
20	   9.670E-­‐08	  
20.4	   1.151E-­‐07	  
20.8	   1.021E-­‐07	  
21.2	   1.071E-­‐07	  
21.6	   1.258E-­‐07	  
22	   1.036E-­‐07	  
22.4	   9.071E-­‐08	  
22.8	   9.466E-­‐08	  
23.2	   8.495E-­‐08	  
23.6	   9.897E-­‐08	  
24	   1.047E-­‐07	  
24.4	   1.146E-­‐07	  
24.8	   1.060E-­‐07	  
25.2	   9.870E-­‐08	  
25.6	   1.152E-­‐07	  
26	   1.002E-­‐07	  
26.4	   1.075E-­‐07	  
26.8	   1.212E-­‐07	  
27.2	   9.669E-­‐08	  
27.6	   1.128E-­‐07	  
28	   6.769E-­‐08	  
28.4	   8.131E-­‐08	  
28.8	   9.502E-­‐08	  
29.2	   9.877E-­‐08	  
29.6	   9.794E-­‐08	  
30	   9.120E-­‐08	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30.4	   8.489E-­‐08	  
30.8	   1.112E-­‐07	  
31.2	   8.883E-­‐08	  
31.6	   9.441E-­‐08	  
32	   1.122E-­‐07	  
32.4	   1.022E-­‐07	  
32.8	   9.560E-­‐08	  
33.2	   1.266E-­‐07	  
33.6	   7.689E-­‐08	  
34	   1.180E-­‐07	  
34.4	   1.137E-­‐07	  
34.8	   6.441E-­‐08	  
35.2	   1.006E-­‐07	  
35.6	   9.230E-­‐08	  
36	   1.028E-­‐07	  
36.4	   1.037E-­‐07	  
36.8	   1.085E-­‐07	  
37.2	   1.119E-­‐07	  
37.6	   9.749E-­‐08	  
38	   9.720E-­‐08	  
38.4	   1.089E-­‐07	  
38.8	   1.148E-­‐07	  
39.2	   1.093E-­‐07	  
39.6	   1.039E-­‐07	  
40	   1.200E-­‐07	  
40.4	   1.301E-­‐07	  
40.8	   8.562E-­‐08	  
41.2	   1.280E-­‐07	  
41.6	   1.271E-­‐07	  
42	   1.057E-­‐07	  
42.4	   1.022E-­‐07	  
42.8	   1.079E-­‐07	  
43.2	   1.055E-­‐07	  
43.6	   9.352E-­‐08	  
44	   9.981E-­‐08	  
44.4	   9.156E-­‐08	  
44.8	   9.983E-­‐08	  
45.2	   8.689E-­‐08	  
45.6	   1.096E-­‐07	  
46	   1.056E-­‐07	  
46.4	   1.048E-­‐07	  
46.8	   9.939E-­‐08	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47.2	   9.957E-­‐08	  
47.6	   1.127E-­‐07	  
48	   1.137E-­‐07	  
48.4	   1.077E-­‐07	  
48.8	   1.055E-­‐07	  
49.2	   1.131E-­‐07	  
49.6	   1.046E-­‐07	  
50	   1.015E-­‐07	  
50.4	   1.089E-­‐07	  
50.8	   1.073E-­‐07	  
51.2	   1.037E-­‐07	  
51.6	   1.111E-­‐07	  
52	   6.530E-­‐08	  
52.4	   1.180E-­‐07	  
52.8	   1.117E-­‐07	  
53.2	   9.804E-­‐08	  
53.6	   1.142E-­‐07	  
54	   1.280E-­‐07	  
54.4	   1.087E-­‐07	  
54.8	   1.041E-­‐07	  
55.2	   1.492E-­‐07	  
55.6	   9.955E-­‐08	  
56	   9.038E-­‐08	  
56.4	   9.693E-­‐08	  
56.8	   1.092E-­‐07	  
57.2	   9.103E-­‐08	  
57.6	   1.057E-­‐07	  
58	   1.006E-­‐07	  
58.4	   9.035E-­‐08	  
58.8	   1.021E-­‐07	  
59.2	   9.854E-­‐08	  
59.6	   9.617E-­‐08	  
60	   9.817E-­‐08	  
60.4	   8.149E-­‐08	  
60.8	   9.798E-­‐08	  
61.2	   1.077E-­‐07	  
61.6	   8.534E-­‐08	  
62	   9.484E-­‐08	  
62.4	   1.034E-­‐07	  
62.8	   1.002E-­‐07	  
63.2	   1.015E-­‐07	  
63.6	   1.027E-­‐07	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64	   9.252E-­‐08	  
64.4	   5.627E-­‐08	  
64.8	   8.864E-­‐08	  
65.2	   9.502E-­‐08	  
65.6	   8.412E-­‐08	  
66	   8.137E-­‐08	  
66.4	   8.694E-­‐08	  
66.8	   4.576E-­‐08	  
67.2	   8.262E-­‐08	  
67.6	   8.977E-­‐08	  
68	   4.300E-­‐08	  
68.4	   8.029E-­‐08	  
68.8	   7.919E-­‐08	  
69.2	   6.872E-­‐08	  
69.6	   8.404E-­‐08	  
70	   9.201E-­‐08	  
70.4	   8.206E-­‐08	  
70.8	   7.348E-­‐08	  
71.2	   7.471E-­‐08	  
71.6	   7.024E-­‐08	  
72	   7.474E-­‐08	  
72.4	   7.380E-­‐08	  
72.8	   8.008E-­‐08	  
73.2	   7.965E-­‐08	  
73.6	   7.946E-­‐08	  
74	   9.325E-­‐08	  
74.4	   7.233E-­‐08	  
74.8	   7.302E-­‐08	  
75.2	   7.722E-­‐08	  
75.6	   8.026E-­‐08	  
76	   7.852E-­‐08	  
76.4	   8.297E-­‐08	  
76.8	   7.044E-­‐08	  
77.2	   7.558E-­‐08	  
77.6	   8.566E-­‐08	  
78	   7.378E-­‐08	  
78.4	   7.530E-­‐08	  
78.8	   6.677E-­‐08	  
79.2	   7.617E-­‐08	  
79.6	   7.267E-­‐08	  
80	   5.377E-­‐08	  
80.4	   7.523E-­‐08	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80.8	   7.748E-­‐08	  
81.2	   3.856E-­‐08	  
81.6	   7.639E-­‐08	  
82	   8.214E-­‐08	  
82.4	   8.712E-­‐08	  
82.8	   7.826E-­‐08	  
83.2	   6.080E-­‐08	  
83.6	   8.044E-­‐08	  
84	   6.656E-­‐08	  
84.4	   7.409E-­‐08	  
84.8	   7.390E-­‐08	  
85.2	   7.440E-­‐08	  
85.6	   7.915E-­‐08	  
86	   6.484E-­‐08	  
86.4	   8.289E-­‐08	  
86.8	   1.916E-­‐08	  
87.2	   8.595E-­‐08	  
87.6	   8.159E-­‐08	  
88	   8.145E-­‐08	  
88.4	   5.006E-­‐08	  
88.8	   8.494E-­‐08	  
89.2	   7.777E-­‐08	  
89.6	   5.256E-­‐08	  
90	   8.180E-­‐08	  
90.4	   3.575E-­‐08	  
90.8	   7.017E-­‐08	  
91.2	   1.668E-­‐08	  
91.6	   NaN	  
92	   6.851E-­‐08	  
92.4	   5.880E-­‐08	  
92.8	   6.530E-­‐08	  
93.2	   6.514E-­‐08	  
93.6	   6.237E-­‐08	  
94	   2.934E-­‐08	  
94.4	   2.495E-­‐08	  
94.8	   5.963E-­‐08	  
95.2	   6.895E-­‐08	  
95.6	   8.003E-­‐08	  
96	   7.000E-­‐08	  
96.4	   9.222E-­‐08	  
96.8	   4.651E-­‐08	  
97.2	   7.684E-­‐08	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97.6	   NaN	  
98	   NaN	  
98.4	   NaN	  
98.8	   NaN	  
99.2	   NaN	  
99.6	   NaN	  
100	   NaN	  
100.4	   NaN	  
100.8	   NaN	  
101.2	   NaN	  
101.6	   NaN	  
102	   NaN	  
102.4	   NaN	  
102.8	   NaN	  
103.2	   NaN	  
103.6	   NaN	  
104	   NaN	  
104.4	   6.144E-­‐08	  
104.8	   6.255E-­‐08	  
105.2	   9.109E-­‐08	  
105.6	   7.415E-­‐08	  
106	   7.185E-­‐08	  
106.4	   7.856E-­‐08	  
106.8	   9.052E-­‐08	  
107.2	   7.956E-­‐08	  
107.6	   7.803E-­‐08	  
108	   9.255E-­‐08	  
108.4	   6.968E-­‐08	  
108.8	   8.049E-­‐08	  
109.2	   5.818E-­‐08	  
109.6	   4.480E-­‐08	  
110	   6.321E-­‐08	  
110.4	   7.325E-­‐08	  
110.8	   4.037E-­‐08	  
111.2	   7.410E-­‐08	  
111.6	   2.867E-­‐08	  
112	   4.329E-­‐08	  
112.4	   8.515E-­‐08	  
112.8	   8.085E-­‐08	  
113.2	   7.702E-­‐08	  
113.6	   3.052E-­‐08	  
114	   8.468E-­‐08	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114.4	   8.423E-­‐08	  
114.8	   8.194E-­‐08	  
115.2	   8.589E-­‐08	  
115.6	   6.116E-­‐08	  
116	   6.189E-­‐08	  
116.4	   8.322E-­‐08	  
116.8	   8.742E-­‐08	  
117.2	   5.426E-­‐08	  
117.6	   8.091E-­‐08	  
118	   6.019E-­‐08	  
118.4	   6.360E-­‐08	  
118.8	   8.039E-­‐08	  
119.2	   7.847E-­‐08	  
119.6	   8.131E-­‐08	  
120	   7.548E-­‐08	  
120.4	   5.781E-­‐08	  
120.8	   8.237E-­‐08	  
121.2	   7.522E-­‐08	  
121.6	   8.613E-­‐08	  
122	   8.316E-­‐08	  
122.4	   8.812E-­‐08	  
122.8	   8.203E-­‐08	  
123.2	   8.159E-­‐08	  
123.6	   7.648E-­‐08	  
124	   8.194E-­‐08	  
124.4	   8.250E-­‐08	  
124.8	   7.981E-­‐08	  
125.2	   8.847E-­‐08	  
125.6	   6.898E-­‐08	  
126	   4.627E-­‐08	  
126.4	   8.129E-­‐08	  
126.8	   7.762E-­‐08	  
127.2	   7.013E-­‐08	  
127.6	   8.467E-­‐08	  
128	   2.707E-­‐08	  
128.4	   7.861E-­‐08	  
128.8	   8.492E-­‐08	  
129.2	   7.932E-­‐08	  
129.6	   4.282E-­‐08	  
130	   8.354E-­‐08	  
130.4	   8.602E-­‐08	  
130.8	   6.163E-­‐08	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131.2	   8.031E-­‐08	  
131.6	   8.776E-­‐08	  
132	   4.705E-­‐08	  
132.4	   8.542E-­‐08	  
132.8	   7.385E-­‐08	  
133.2	   3.672E-­‐08	  
133.6	   7.731E-­‐08	  
134	   8.726E-­‐08	  
134.4	   7.157E-­‐08	  
134.8	   8.391E-­‐08	  
135.2	   8.581E-­‐08	  
135.6	   4.772E-­‐08	  
136	   7.676E-­‐08	  
136.4	   3.790E-­‐08	  
136.8	   7.964E-­‐08	  
137.2	   5.622E-­‐08	  
137.6	   1.596E-­‐08	  
138	   7.872E-­‐08	  
138.4	   4.527E-­‐08	  
138.8	   3.032E-­‐08	  
139.2	   8.060E-­‐08	  
139.6	   6.036E-­‐08	  
140	   4.579E-­‐08	  
140.4	   8.455E-­‐08	  
140.8	   4.296E-­‐08	  
141.2	   1.223E-­‐08	  
141.6	   7.847E-­‐08	  
142	   8.086E-­‐08	  
142.4	   5.247E-­‐08	  
142.8	   5.193E-­‐08	  
143.2	   5.005E-­‐08	  
143.6	   8.986E-­‐08	  
144	   8.823E-­‐08	  
144.4	   2.881E-­‐08	  
144.8	   8.379E-­‐08	  
145.2	   8.589E-­‐08	  
145.6	   NaN	  
146	   6.020E-­‐08	  
146.4	   5.905E-­‐08	  
146.8	   7.536E-­‐08	  
147.2	   7.479E-­‐08	  
147.6	   3.250E-­‐08	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148	   2.699E-­‐08	  
148.4	   9.595E-­‐08	  
148.8	   3.061E-­‐08	  
149.2	   NaN	  
149.6	   4.002E-­‐08	  
150	   2.505E-­‐08	  
150.4	   4.227E-­‐08	  
150.8	   4.434E-­‐08	  
151.2	   8.112E-­‐08	  
151.6	   6.509E-­‐08	  
152	   3.397E-­‐08	  
152.4	   4.469E-­‐08	  
152.8	   2.389E-­‐08	  
153.2	   7.593E-­‐08	  
153.6	   2.103E-­‐08	  
154	   3.892E-­‐08	  
154.4	   4.150E-­‐08	  
154.8	   4.289E-­‐08	  
155.2	   4.923E-­‐08	  
155.6	   4.600E-­‐08	  
156	   4.835E-­‐08	  
156.4	   6.383E-­‐08	  
156.8	   5.144E-­‐08	  
157.2	   9.972E-­‐08	  
157.6	   5.286E-­‐08	  
158	   5.270E-­‐08	  
158.4	   5.138E-­‐08	  
158.8	   4.303E-­‐08	  
159.2	   6.561E-­‐08	  
159.6	   3.464E-­‐08	  
160	   4.228E-­‐08	  
160.4	   3.844E-­‐08	  
160.8	   4.043E-­‐08	  
161.2	   5.310E-­‐08	  
161.6	   5.113E-­‐08	  
162	   8.006E-­‐08	  
162.4	   4.143E-­‐08	  
162.8	   6.034E-­‐08	  
163.2	   5.414E-­‐08	  
163.6	   3.913E-­‐08	  
164	   6.789E-­‐08	  
164.4	   7.419E-­‐08	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164.8	   7.378E-­‐08	  
165.2	   1.011E-­‐07	  
165.6	   6.433E-­‐08	  
166	   6.966E-­‐08	  
166.4	   3.838E-­‐08	  
166.8	   4.840E-­‐08	  
167.2	   9.889E-­‐08	  
167.6	   6.126E-­‐08	  
168	   4.882E-­‐08	  
168.4	   6.775E-­‐08	  
168.8	   8.596E-­‐08	  
169.2	   6.677E-­‐08	  
169.6	   8.039E-­‐08	  
170	   5.243E-­‐08	  
170.4	   5.420E-­‐08	  
170.8	   5.190E-­‐08	  
171.2	   4.853E-­‐08	  
171.6	   3.533E-­‐08	  
172	   6.326E-­‐10	  
172.4	   4.382E-­‐08	  
172.8	   5.451E-­‐08	  
173.2	   4.917E-­‐08	  
173.6	   4.694E-­‐08	  
174	   4.516E-­‐08	  
174.4	   3.893E-­‐08	  
174.8	   4.712E-­‐08	  
175.2	   4.719E-­‐08	  
175.6	   3.993E-­‐08	  
176	   4.120E-­‐08	  
176.4	   8.401E-­‐08	  
176.8	   2.366E-­‐08	  
177.2	   5.005E-­‐08	  
177.6	   6.520E-­‐08	  
178	   4.606E-­‐08	  
178.4	   4.761E-­‐08	  
178.8	   5.203E-­‐08	  
179.2	   1.589E-­‐08	  
179.6	   6.011E-­‐08	  
180	   4.361E-­‐08	  
180.4	   6.307E-­‐08	  
180.8	   5.052E-­‐08	  
181.2	   2.435E-­‐08	  
  163 
181.6	   2.375E-­‐08	  
182	   2.430E-­‐08	  
182.4	   3.233E-­‐08	  
182.8	   NaN	  
183.2	   NaN	  
183.6	   NaN	  
184	   NaN	  
184.4	   NaN	  
184.8	   NaN	  
185.2	   NaN	  
185.6	   NaN	  
186	   NaN	  
186.4	   NaN	  
186.8	   NaN	  
187.2	   NaN	  
187.6	   NaN	  
188	   NaN	  
188.4	   4.086E-­‐08	  
188.8	   2.090E-­‐08	  
189.2	   2.376E-­‐08	  
189.6	   5.657E-­‐08	  
190	   4.433E-­‐08	  
190.4	   NaN	  
190.8	   NaN	  
191.2	   NaN	  
191.6	   NaN	  
192	   NaN	  
192.4	   NaN	  
192.8	   NaN	  
193.2	   NaN	  
193.6	   NaN	  
194	   NaN	  
194.4	   NaN	  
194.8	   NaN	  
195.2	   NaN	  
195.6	   NaN	  
196	   NaN	  
196.4	   NaN	  
196.8	   NaN	  
197.2	   NaN	  
197.6	   NaN	  
198	   NaN	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198.4	   NaN	  
198.8	   NaN	  
199.2	   NaN	  
199.6	   NaN	  
200	   NaN	  
200.4	   NaN	  
200.8	   NaN	  
201.2	   NaN	  
201.6	   NaN	  
202	   NaN	  
202.4	   NaN	  
202.8	   NaN	  
203.2	   NaN	  
203.6	   NaN	  
204	   NaN	  
204.4	   NaN	  
204.8	   NaN	  
205.2	   NaN	  
205.6	   NaN	  
206	   NaN	  
206.4	   NaN	  
206.8	   NaN	  
207.2	   3.408E-­‐08	  
207.6	   3.922E-­‐08	  
208	   5.748E-­‐08	  
208.4	   5.274E-­‐08	  
208.8	   4.062E-­‐08	  
209.2	   3.337E-­‐08	  
209.6	   2.470E-­‐08	  
210	   4.797E-­‐08	  
210.4	   8.480E-­‐08	  
210.8	   3.791E-­‐08	  
211.2	   3.412E-­‐08	  
211.6	   3.942E-­‐08	  
212	   3.260E-­‐08	  
212.4	   9.266E-­‐08	  
212.8	   4.202E-­‐08	  
213.2	   1.889E-­‐08	  
213.6	   2.548E-­‐08	  
214	   4.119E-­‐08	  
214.4	   3.725E-­‐08	  
214.8	   4.212E-­‐08	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215.2	   3.087E-­‐08	  
215.6	   5.767E-­‐08	  
216	   1.085E-­‐07	  
216.4	   9.794E-­‐08	  
216.8	   1.143E-­‐07	  
217.2	   4.825E-­‐08	  
217.6	   6.212E-­‐08	  
218	   5.507E-­‐08	  
218.4	   8.081E-­‐08	  
218.8	   6.638E-­‐08	  
219.2	   6.098E-­‐08	  
219.6	   5.951E-­‐08	  
220	   6.629E-­‐08	  
220.4	   3.788E-­‐08	  
220.8	   7.786E-­‐08	  
221.2	   5.710E-­‐08	  
221.6	   6.303E-­‐08	  
222	   5.812E-­‐08	  
222.4	   6.399E-­‐08	  
222.8	   7.721E-­‐08	  
223.2	   8.488E-­‐08	  
223.6	   1.968E-­‐08	  
224	   7.793E-­‐08	  
224.4	   7.345E-­‐08	  
224.8	   8.668E-­‐08	  
225.2	   7.429E-­‐08	  
225.6	   9.192E-­‐08	  
226	   8.028E-­‐08	  
226.4	   3.097E-­‐08	  
226.8	   3.146E-­‐08	  
227.2	   3.125E-­‐08	  
227.6	   4.872E-­‐08	  
228	   7.299E-­‐08	  
228.4	   NaN	  
228.8	   NaN	  
229.2	   NaN	  
229.6	   NaN	  
230	   NaN	  
230.4	   NaN	  
230.8	   NaN	  
231.2	   NaN	  
231.6	   NaN	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232	   NaN	  
232.4	   NaN	  
232.8	   NaN	  
233.2	   NaN	  
233.6	   NaN	  
234	   NaN	  
234.4	   NaN	  
234.8	   NaN	  
235.2	   NaN	  
235.6	   NaN	  
236	   NaN	  
236.4	   NaN	  
236.8	   NaN	  
237.2	   NaN	  
237.6	   NaN	  
238	   NaN	  
238.4	   NaN	  
238.8	   NaN	  
239.2	   NaN	  
239.6	   NaN	  
240	   NaN	  
240.4	   NaN	  
240.8	   NaN	  
241.2	   NaN	  
241.6	   NaN	  
242	   NaN	  
242.4	   NaN	  
242.8	   5.777E-­‐08	  
243.2	   8.171E-­‐08	  
243.6	   6.442E-­‐08	  
244	   1.428E-­‐08	  
244.4	   5.616E-­‐08	  
244.8	   3.932E-­‐08	  
245.2	   3.346E-­‐08	  
245.6	   5.528E-­‐08	  
246	   3.680E-­‐08	  
246.4	   6.137E-­‐08	  
246.8	   5.741E-­‐08	  
247.2	   8.782E-­‐08	  
247.6	   6.489E-­‐08	  
248	   8.348E-­‐08	  
248.4	   5.511E-­‐08	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248.8	   3.925E-­‐08	  
249.2	   3.698E-­‐08	  
249.6	   2.701E-­‐08	  
250	   4.816E-­‐08	  
250.4	   4.872E-­‐08	  
250.8	   3.287E-­‐08	  
251.2	   2.593E-­‐08	  
251.6	   6.350E-­‐08	  
252	   8.398E-­‐08	  
252.4	   6.825E-­‐08	  
252.8	   8.536E-­‐08	  
253.2	   5.545E-­‐08	  
253.6	   5.491E-­‐08	  
254	   6.360E-­‐08	  
254.4	   3.747E-­‐08	  
254.8	   6.548E-­‐08	  
255.2	   6.731E-­‐08	  
255.6	   3.354E-­‐08	  
256	   6.437E-­‐08	  
256.4	   5.503E-­‐08	  
256.8	   7.934E-­‐08	  
257.2	   4.030E-­‐08	  
257.6	   7.207E-­‐08	  
258	   6.122E-­‐08	  
258.4	   5.048E-­‐08	  
258.8	   8.630E-­‐08	  
259.2	   8.383E-­‐08	  
259.6	   8.149E-­‐08	  
260	   5.415E-­‐08	  
260.4	   1.641E-­‐08	  
260.8	   1.325E-­‐08	  
261.2	   8.697E-­‐08	  
261.6	   4.730E-­‐08	  
262	   3.744E-­‐08	  
262.4	   4.472E-­‐08	  
262.8	   7.968E-­‐08	  
263.2	   3.094E-­‐08	  
263.6	   4.490E-­‐08	  
264	   7.038E-­‐08	  
264.4	   8.425E-­‐08	  
264.8	   3.996E-­‐08	  
265.2	   3.683E-­‐08	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265.6	   2.867E-­‐08	  
266	   3.361E-­‐08	  
266.4	   6.849E-­‐08	  
266.8	   1.710E-­‐08	  
267.2	   1.678E-­‐08	  
267.6	   1.664E-­‐08	  
268	   6.258E-­‐08	  
268.4	   2.924E-­‐08	  
268.8	   7.022E-­‐08	  
269.2	   2.673E-­‐08	  
269.6	   3.070E-­‐08	  
270	   3.571E-­‐08	  
270.4	   1.809E-­‐08	  
270.8	   3.873E-­‐08	  
271.2	   2.981E-­‐08	  
271.6	   3.262E-­‐08	  
272	   5.179E-­‐08	  
272.4	   3.001E-­‐08	  
272.8	   3.554E-­‐08	  
273.2	   5.022E-­‐08	  
273.6	   4.990E-­‐08	  
274	   4.022E-­‐08	  
274.4	   3.285E-­‐08	  
274.8	   3.065E-­‐08	  
275.2	   3.487E-­‐08	  
275.6	   2.616E-­‐08	  
276	   2.259E-­‐08	  
276.4	   2.611E-­‐08	  
276.8	   3.026E-­‐08	  
277.2	   3.177E-­‐08	  
277.6	   1.761E-­‐08	  
278	   3.111E-­‐08	  
278.4	   2.764E-­‐08	  
278.8	   4.467E-­‐08	  
279.2	   3.480E-­‐08	  
279.6	   3.911E-­‐08	  
280	   2.856E-­‐08	  
280.4	   2.938E-­‐08	  
280.8	   3.161E-­‐08	  
281.2	   4.388E-­‐08	  
281.6	   3.461E-­‐08	  
282	   7.077E-­‐08	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282.4	   2.066E-­‐08	  
282.8	   3.117E-­‐08	  
283.2	   5.002E-­‐08	  
283.6	   5.760E-­‐08	  
284	   4.956E-­‐08	  
284.4	   1.123E-­‐08	  
284.8	   4.742E-­‐08	  
285.2	   4.753E-­‐08	  
285.6	   2.733E-­‐08	  
286	   5.835E-­‐08	  
286.4	   4.080E-­‐08	  
286.8	   7.721E-­‐08	  
287.2	   2.819E-­‐08	  
287.6	   5.202E-­‐08	  
288	   3.136E-­‐08	  
288.4	   4.645E-­‐08	  
288.8	   4.465E-­‐08	  
289.2	   NaN	  
289.6	   NaN	  
290	   NaN	  
290.4	   NaN	  
290.8	   NaN	  
291.2	   NaN	  
291.6	   NaN	  
292	   NaN	  
292.4	   NaN	  
292.8	   NaN	  
293.2	   NaN	  
293.6	   NaN	  
294	   NaN	  
294.4	   NaN	  
294.8	   NaN	  
295.2	   NaN	  
295.6	   NaN	  
296	   NaN	  
296.4	   5.990E-­‐08	  
296.8	   1.043E-­‐07	  
297.2	   7.640E-­‐08	  
297.6	   6.238E-­‐08	  
298	   6.380E-­‐08	  
298.4	   4.889E-­‐08	  
298.8	   8.385E-­‐08	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299.2	   6.864E-­‐08	  
299.6	   9.347E-­‐08	  
300	   9.279E-­‐08	  
300.4	   1.190E-­‐07	  
300.8	   7.262E-­‐08	  
301.2	   9.471E-­‐08	  
301.6	   8.268E-­‐08	  
302	   8.438E-­‐08	  
302.4	   5.343E-­‐08	  
302.8	   6.598E-­‐08	  
303.2	   6.805E-­‐08	  
303.6	   6.967E-­‐08	  
304	   6.161E-­‐08	  
304.4	   3.569E-­‐08	  
304.8	   8.418E-­‐08	  
305.2	   9.013E-­‐08	  
305.6	   3.149E-­‐08	  
306	   5.852E-­‐08	  
306.4	   6.457E-­‐08	  
306.8	   8.403E-­‐08	  
307.2	   9.866E-­‐08	  
307.6	   9.851E-­‐08	  
308	   6.899E-­‐08	  
308.4	   7.983E-­‐08	  
308.8	   6.839E-­‐08	  
309.2	   8.622E-­‐08	  
309.6	   5.909E-­‐08	  
310	   5.801E-­‐08	  
310.4	   6.889E-­‐08	  
310.8	   8.344E-­‐08	  
311.2	   8.112E-­‐08	  
311.6	   1.018E-­‐07	  
312	   1.033E-­‐07	  
312.4	   9.779E-­‐08	  
312.8	   7.023E-­‐08	  
313.2	   5.856E-­‐08	  
313.6	   4.186E-­‐08	  
314	   6.495E-­‐08	  
314.4	   8.853E-­‐08	  
314.8	   1.075E-­‐07	  
315.2	   2.038E-­‐08	  
315.6	   6.787E-­‐08	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316	   8.313E-­‐08	  
316.4	   9.728E-­‐08	  
316.8	   5.898E-­‐08	  
317.2	   8.379E-­‐08	  
317.6	   7.187E-­‐08	  
318	   7.950E-­‐08	  
318.4	   7.716E-­‐08	  
318.8	   9.134E-­‐08	  
319.2	   4.419E-­‐08	  
319.6	   8.518E-­‐08	  
320	   3.760E-­‐08	  
320.4	   4.788E-­‐08	  
320.8	   3.946E-­‐08	  
321.2	   5.550E-­‐08	  
321.6	   6.054E-­‐08	  
322	   6.471E-­‐08	  
322.4	   2.606E-­‐08	  
322.8	   7.863E-­‐08	  
323.2	   7.194E-­‐08	  
323.6	   6.065E-­‐08	  
324	   8.057E-­‐08	  
324.4	   9.359E-­‐08	  
324.8	   8.359E-­‐08	  
325.2	   8.567E-­‐08	  
325.6	   1.177E-­‐07	  
326	   1.103E-­‐07	  
326.4	   8.439E-­‐08	  
326.8	   6.450E-­‐08	  
327.2	   5.364E-­‐08	  
327.6	   5.681E-­‐08	  
328	   4.732E-­‐08	  
328.4	   1.575E-­‐08	  
328.8	   1.027E-­‐07	  
329.2	   7.123E-­‐08	  
329.6	   9.969E-­‐08	  
330	   1.661E-­‐08	  
330.4	   2.447E-­‐08	  
330.8	   1.027E-­‐07	  
331.2	   7.805E-­‐08	  
331.6	   8.773E-­‐08	  
332	   6.521E-­‐08	  
332.4	   5.943E-­‐08	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332.8	   4.955E-­‐08	  
333.2	   6.051E-­‐08	  
333.6	   9.337E-­‐08	  
334	   1.131E-­‐07	  
334.4	   5.868E-­‐08	  
334.8	   8.107E-­‐08	  
335.2	   7.575E-­‐08	  
335.6	   5.855E-­‐08	  
336	   1.228E-­‐07	  
336.4	   1.241E-­‐07	  
336.8	   3.875E-­‐08	  
337.2	   9.274E-­‐08	  
337.6	   3.266E-­‐08	  
338	   3.781E-­‐08	  
338.4	   3.347E-­‐08	  
338.8	   5.964E-­‐08	  
339.2	   9.494E-­‐08	  
339.6	   8.511E-­‐08	  
340	   7.782E-­‐08	  
340.4	   9.252E-­‐08	  
340.8	   1.010E-­‐07	  
341.2	   1.041E-­‐07	  
341.6	   7.889E-­‐08	  
342	   7.435E-­‐08	  
342.4	   1.336E-­‐07	  
342.8	   1.282E-­‐07	  
343.2	   4.280E-­‐08	  
343.6	   5.195E-­‐08	  
344	   3.318E-­‐08	  
344.4	   7.169E-­‐08	  
344.8	   1.049E-­‐07	  
345.2	   6.053E-­‐08	  
345.6	   6.917E-­‐08	  
346	   5.801E-­‐08	  
346.4	   7.814E-­‐08	  
346.8	   1.115E-­‐07	  
347.2	   7.713E-­‐08	  
347.6	   8.835E-­‐08	  
348	   9.190E-­‐08	  
348.4	   9.397E-­‐08	  
348.8	   6.918E-­‐08	  
349.2	   5.319E-­‐08	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349.6	   7.720E-­‐08	  
350	   6.196E-­‐08	  
350.4	   7.287E-­‐08	  
350.8	   1.005E-­‐07	  
351.2	   8.647E-­‐08	  
351.6	   5.666E-­‐08	  
352	   5.180E-­‐08	  
352.4	   8.626E-­‐08	  
352.8	   1.076E-­‐07	  
353.2	   5.507E-­‐08	  
353.6	   5.832E-­‐08	  
354	   3.529E-­‐08	  
354.4	   8.360E-­‐08	  
354.8	   6.255E-­‐08	  
355.2	   1.163E-­‐07	  
355.6	   9.670E-­‐08	  
356	   2.992E-­‐08	  
356.4	   9.241E-­‐08	  
356.8	   4.481E-­‐08	  
357.2	   5.164E-­‐08	  
357.6	   6.187E-­‐08	  
358	   4.254E-­‐08	  
358.4	   8.801E-­‐08	  
358.8	   1.279E-­‐07	  
359.2	   1.053E-­‐07	  
359.6	   5.765E-­‐08	  
360	   8.155E-­‐08	  
360.4	   8.758E-­‐08	  
360.8	   5.680E-­‐08	  
361.2	   5.796E-­‐08	  
361.6	   7.929E-­‐08	  
362	   6.684E-­‐08	  
362.4	   9.155E-­‐08	  
362.8	   8.245E-­‐08	  
363.2	   3.530E-­‐08	  
363.6	   5.757E-­‐08	  
364	   7.371E-­‐08	  
364.4	   4.469E-­‐08	  
364.8	   5.110E-­‐08	  
365.2	   4.351E-­‐08	  
365.6	   2.319E-­‐08	  
366	   2.372E-­‐08	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366.4	   6.913E-­‐08	  
366.8	   6.640E-­‐08	  
367.2	   5.696E-­‐08	  
367.6	   5.441E-­‐08	  
368	   8.185E-­‐08	  
368.4	   3.595E-­‐08	  
368.8	   6.015E-­‐08	  
369.2	   4.915E-­‐08	  
369.6	   7.454E-­‐08	  
370	   8.812E-­‐08	  
370.4	   3.840E-­‐08	  
370.8	   9.326E-­‐08	  
371.2	   5.864E-­‐08	  
371.6	   9.537E-­‐08	  
372	   6.961E-­‐08	  
372.4	   9.891E-­‐08	  
372.8	   6.143E-­‐08	  
373.2	   6.925E-­‐08	  
373.6	   7.623E-­‐08	  
374	   8.054E-­‐08	  
374.4	   4.731E-­‐08	  
374.8	   6.110E-­‐08	  
375.2	   7.583E-­‐08	  
375.6	   6.372E-­‐08	  
376	   4.592E-­‐08	  
376.4	   7.001E-­‐08	  
376.8	   5.615E-­‐08	  
377.2	   7.826E-­‐08	  
377.6	   7.023E-­‐08	  
378	   1.058E-­‐07	  
378.4	   5.077E-­‐08	  
378.8	   8.756E-­‐08	  
379.2	   5.589E-­‐08	  
379.6	   9.906E-­‐08	  
380	   7.174E-­‐08	  
380.4	   6.420E-­‐08	  
380.8	   6.122E-­‐08	  
381.2	   9.043E-­‐08	  
381.6	   4.089E-­‐08	  
382	   1.234E-­‐07	  
382.4	   1.136E-­‐07	  
382.8	   4.201E-­‐08	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383.2	   7.670E-­‐08	  
383.6	   5.681E-­‐08	  
384	   6.146E-­‐08	  
384.4	   6.701E-­‐08	  
384.8	   6.312E-­‐08	  
385.2	   6.842E-­‐08	  
385.6	   6.117E-­‐08	  
386	   4.732E-­‐08	  
386.4	   3.966E-­‐08	  
386.8	   5.455E-­‐08	  
387.2	   5.579E-­‐08	  
387.6	   5.065E-­‐08	  
388	   5.396E-­‐08	  
388.4	   5.291E-­‐08	  
388.8	   5.671E-­‐08	  
389.2	   7.316E-­‐08	  
389.6	   2.961E-­‐08	  
390	   2.755E-­‐08	  
390.4	   8.710E-­‐08	  
390.8	   3.946E-­‐08	  
391.2	   5.407E-­‐08	  
391.6	   4.725E-­‐08	  
392	   4.434E-­‐08	  
392.4	   4.552E-­‐08	  
392.8	   6.099E-­‐08	  
393.2	   6.095E-­‐08	  
393.6	   NaN	  
394	   6.690E-­‐08	  
394.4	   6.674E-­‐08	  
394.8	   9.067E-­‐08	  
395.2	   7.472E-­‐08	  
395.6	   6.290E-­‐08	  
396	   4.607E-­‐08	  
396.4	   8.723E-­‐08	  
396.8	   1.253E-­‐07	  
397.2	   1.146E-­‐07	  
397.6	   6.599E-­‐08	  
398	   9.268E-­‐08	  
398.4	   9.698E-­‐08	  
398.8	   7.109E-­‐08	  
399.2	   8.811E-­‐08	  
399.6	   NaN	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400	   9.656E-­‐08	  
400.4	   1.021E-­‐07	  
400.8	   7.974E-­‐08	  
401.2	   1.104E-­‐07	  
401.6	   7.434E-­‐08	  
402	   1.050E-­‐07	  
402.4	   6.555E-­‐08	  
402.8	   8.066E-­‐08	  
403.2	   8.821E-­‐08	  
403.6	   1.027E-­‐07	  
404	   1.132E-­‐07	  
404.4	   1.123E-­‐07	  
404.8	   1.272E-­‐07	  
405.2	   1.068E-­‐07	  
405.6	   1.165E-­‐07	  
406	   8.662E-­‐08	  
406.4	   6.059E-­‐08	  
406.8	   9.582E-­‐08	  
407.2	   7.998E-­‐08	  
407.6	   1.076E-­‐07	  
408	   6.799E-­‐08	  
408.4	   9.988E-­‐08	  
408.8	   7.018E-­‐08	  
409.2	   9.171E-­‐08	  
409.6	   5.986E-­‐08	  
410	   1.248E-­‐07	  
410.4	   1.019E-­‐07	  
410.8	   7.930E-­‐08	  
411.2	   1.083E-­‐07	  
411.6	   6.932E-­‐08	  
412	   7.690E-­‐08	  
412.4	   8.732E-­‐08	  
412.8	   7.699E-­‐08	  
413.2	   8.176E-­‐08	  
413.6	   8.233E-­‐08	  
414	   9.316E-­‐08	  
414.4	   8.613E-­‐08	  
414.8	   8.713E-­‐08	  
415.2	   8.611E-­‐08	  
415.6	   9.833E-­‐08	  
416	   1.092E-­‐07	  
416.4	   9.204E-­‐08	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416.8	   1.002E-­‐07	  
417.2	   8.011E-­‐08	  
417.6	   7.646E-­‐08	  
418	   6.433E-­‐08	  
418.4	   1.272E-­‐07	  
418.8	   8.917E-­‐08	  
419.2	   9.333E-­‐08	  
419.6	   NaN	  
420	   9.236E-­‐08	  
420.4	   1.123E-­‐07	  
420.8	   1.165E-­‐07	  
421.2	   1.021E-­‐07	  
421.6	   1.527E-­‐07	  
422	   1.491E-­‐07	  
422.4	   5.004E-­‐08	  
422.8	   7.553E-­‐08	  
423.2	   7.377E-­‐08	  
423.6	   1.190E-­‐07	  
424	   7.597E-­‐08	  
424.4	   1.054E-­‐07	  
424.8	   1.125E-­‐07	  
425.2	   8.192E-­‐08	  
425.6	   1.444E-­‐07	  
426	   6.176E-­‐08	  
426.4	   6.273E-­‐08	  
426.8	   7.981E-­‐08	  
427.2	   1.362E-­‐07	  
427.6	   1.211E-­‐07	  
428	   1.251E-­‐07	  
428.4	   5.424E-­‐08	  
428.8	   4.446E-­‐08	  
429.2	   8.238E-­‐08	  
429.6	   1.315E-­‐07	  
430	   1.437E-­‐07	  
430.4	   1.208E-­‐07	  
430.8	   4.795E-­‐08	  
431.2	   1.764E-­‐07	  
431.6	   6.976E-­‐08	  
432	   1.039E-­‐07	  
432.4	   5.604E-­‐08	  
432.8	   4.758E-­‐08	  
433.2	   7.425E-­‐08	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433.6	   7.135E-­‐08	  
434	   1.269E-­‐07	  
434.4	   1.244E-­‐07	  
434.8	   6.789E-­‐08	  
435.2	   6.582E-­‐08	  
435.6	   1.058E-­‐07	  
436	   1.211E-­‐07	  
436.4	   6.579E-­‐08	  
436.8	   8.998E-­‐08	  
437.2	   8.691E-­‐08	  
437.6	   9.607E-­‐08	  
438	   1.039E-­‐07	  
438.4	   1.161E-­‐07	  
438.8	   1.068E-­‐07	  
439.2	   1.239E-­‐07	  
439.6	   8.030E-­‐08	  
440	   1.508E-­‐07	  
440.4	   7.671E-­‐08	  
440.8	   1.366E-­‐07	  
441.2	   1.269E-­‐07	  
441.6	   1.135E-­‐07	  
442	   1.125E-­‐07	  
442.4	   1.104E-­‐07	  
442.8	   1.313E-­‐07	  
443.2	   9.810E-­‐08	  
443.6	   1.282E-­‐07	  
444	   8.507E-­‐08	  
444.4	   7.741E-­‐08	  
444.8	   1.163E-­‐07	  
445.2	   1.362E-­‐07	  
445.6	   1.485E-­‐07	  
446	   1.013E-­‐07	  
446.4	   1.463E-­‐07	  
446.8	   1.039E-­‐07	  
447.2	   9.510E-­‐08	  
447.6	   1.402E-­‐07	  
448	   1.426E-­‐07	  
448.4	   1.396E-­‐07	  
448.8	   7.089E-­‐08	  
449.2	   4.371E-­‐08	  
449.6	   5.828E-­‐08	  
450	   7.399E-­‐08	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450.4	   5.259E-­‐08	  
450.8	   3.448E-­‐08	  
451.2	   4.693E-­‐08	  
451.6	   1.089E-­‐07	  
452	   1.074E-­‐07	  
452.4	   1.346E-­‐07	  
452.8	   7.833E-­‐08	  
453.2	   5.939E-­‐08	  
453.6	   4.474E-­‐08	  
454	   4.489E-­‐08	  
454.4	   6.345E-­‐08	  
454.8	   7.688E-­‐08	  
455.2	   9.374E-­‐08	  
455.6	   9.309E-­‐08	  
456	   6.678E-­‐08	  
456.4	   4.297E-­‐08	  
456.8	   4.263E-­‐08	  
457.2	   4.975E-­‐08	  
457.6	   3.987E-­‐08	  
458	   1.430E-­‐07	  
458.4	   6.896E-­‐08	  
458.8	   2.858E-­‐08	  
459.2	   1.774E-­‐07	  
459.6	   1.598E-­‐07	  
460	   1.496E-­‐07	  
460.4	   1.344E-­‐07	  
460.8	   5.337E-­‐08	  
461.2	   2.913E-­‐08	  
461.6	   4.809E-­‐08	  
462	   3.841E-­‐08	  
462.4	   6.421E-­‐08	  
462.8	   5.931E-­‐08	  
463.2	   2.239E-­‐08	  
463.6	   6.568E-­‐08	  
464	   3.124E-­‐08	  
464.4	   5.235E-­‐08	  
464.8	   1.763E-­‐07	  
465.2	   1.124E-­‐07	  
465.6	   6.909E-­‐08	  
466	   2.569E-­‐08	  
466.4	   7.950E-­‐08	  
466.8	   4.446E-­‐08	  
  180 
467.2	   5.043E-­‐08	  
467.6	   6.292E-­‐08	  
468	   5.345E-­‐08	  
468.4	   1.033E-­‐07	  
468.8	   4.211E-­‐08	  
469.2	   1.106E-­‐07	  
469.6	   6.037E-­‐08	  
470	   1.146E-­‐07	  
470.4	   6.986E-­‐08	  
470.8	   6.380E-­‐08	  
471.2	   3.350E-­‐08	  
471.6	   3.142E-­‐08	  
472	   1.041E-­‐07	  
472.4	   5.303E-­‐08	  
472.8	   5.333E-­‐08	  
473.2	   3.562E-­‐08	  
473.6	   5.681E-­‐08	  
474	   7.845E-­‐08	  
474.4	   1.771E-­‐08	  
474.8	   4.346E-­‐08	  
475.2	   1.359E-­‐07	  
475.6	   1.334E-­‐07	  
476	   9.520E-­‐08	  
476.4	   7.965E-­‐08	  
476.8	   7.125E-­‐08	  
477.2	   5.034E-­‐08	  
477.6	   1.906E-­‐08	  
478	   4.795E-­‐08	  
478.4	   2.412E-­‐08	  
478.8	   6.335E-­‐08	  
479.2	   1.131E-­‐07	  
479.6	   5.153E-­‐08	  
480	   1.654E-­‐07	  
480.4	   1.211E-­‐07	  
480.8	   3.741E-­‐08	  
481.2	   6.361E-­‐08	  
481.6	   4.716E-­‐10	  
482	   4.405E-­‐08	  
482.4	   3.758E-­‐08	  
482.8	   2.149E-­‐08	  
483.2	   2.123E-­‐08	  
483.6	   3.051E-­‐08	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484	   2.015E-­‐08	  
484.4	   1.409E-­‐08	  
484.8	   2.923E-­‐08	  
485.2	   9.386E-­‐09	  
485.6	   1.134E-­‐08	  
486	   2.708E-­‐08	  
486.4	   5.728E-­‐08	  
486.8	   4.624E-­‐08	  
487.2	   5.037E-­‐08	  
487.6	   4.296E-­‐08	  
488	   1.594E-­‐08	  
488.4	   2.201E-­‐08	  
488.8	   2.119E-­‐08	  
489.2	   2.506E-­‐08	  
489.6	   5.080E-­‐08	  
490	   3.901E-­‐08	  
490.4	   2.623E-­‐08	  
490.8	   3.895E-­‐08	  
491.2	   3.150E-­‐08	  
491.6	   3.588E-­‐08	  
492	   8.862E-­‐08	  
492.4	   5.976E-­‐08	  
492.8	   5.989E-­‐08	  
493.2	   9.311E-­‐08	  
493.6	   4.262E-­‐08	  
494	   1.921E-­‐08	  
494.4	   2.503E-­‐08	  
494.8	   3.666E-­‐08	  
495.2	   2.097E-­‐08	  
495.6	   2.453E-­‐08	  
496	   2.240E-­‐08	  
496.4	   2.866E-­‐08	  
496.8	   2.878E-­‐08	  
497.2	   2.861E-­‐08	  
497.6	   4.563E-­‐08	  
498	   1.840E-­‐08	  
498.4	   4.101E-­‐08	  
498.8	   7.509E-­‐08	  
499.2	   6.135E-­‐08	  
499.6	   3.225E-­‐08	  
500	   2.798E-­‐08	  
500.4	   3.729E-­‐08	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500.8	   4.573E-­‐08	  
501.2	   2.876E-­‐08	  
501.6	   3.581E-­‐08	  
502	   2.813E-­‐08	  
502.4	   3.092E-­‐08	  
502.8	   2.230E-­‐08	  
503.2	   5.605E-­‐08	  
503.6	   2.735E-­‐08	  
504	   1.230E-­‐07	  
504.4	   2.914E-­‐08	  
504.8	   3.977E-­‐08	  
505.2	   3.474E-­‐08	  
505.6	   3.493E-­‐08	  
506	   2.498E-­‐08	  
506.4	   1.955E-­‐08	  
506.8	   2.827E-­‐08	  
507.2	   1.100E-­‐07	  
507.6	   5.647E-­‐08	  
508	   5.162E-­‐08	  
508.4	   1.116E-­‐07	  
508.8	   9.513E-­‐08	  
509.2	   4.930E-­‐08	  
509.6	   2.799E-­‐08	  
510	   4.804E-­‐08	  
510.4	   4.613E-­‐08	  
510.8	   3.040E-­‐08	  
511.2	   4.133E-­‐08	  
511.6	   7.947E-­‐09	  
512	   3.229E-­‐08	  
512.4	   2.874E-­‐08	  
512.8	   3.237E-­‐08	  
513.2	   4.691E-­‐08	  
513.6	   8.039E-­‐08	  
514	   7.327E-­‐08	  
514.4	   2.632E-­‐08	  
514.8	   3.637E-­‐08	  
515.2	   6.247E-­‐08	  
515.6	   4.209E-­‐08	  
516	   5.026E-­‐08	  
516.4	   5.301E-­‐08	  
516.8	   5.685E-­‐08	  
517.2	   2.497E-­‐08	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517.6	   7.858E-­‐09	  
518	   1.359E-­‐07	  
518.4	   4.242E-­‐08	  
518.8	   4.153E-­‐08	  
519.2	   5.115E-­‐08	  
519.6	   5.878E-­‐08	  
520	   4.903E-­‐08	  
520.4	   4.645E-­‐08	  
520.8	   1.942E-­‐08	  
521.2	   2.994E-­‐08	  
521.6	   4.726E-­‐08	  
522	   4.847E-­‐08	  
522.4	   2.046E-­‐08	  
522.8	   6.668E-­‐08	  
523.2	   7.390E-­‐08	  
523.6	   3.085E-­‐08	  
524	   2.754E-­‐08	  
524.4	   3.937E-­‐08	  
524.8	   4.012E-­‐08	  
525.2	   1.301E-­‐08	  
525.6	   4.955E-­‐08	  
526	   1.269E-­‐08	  
526.4	   3.114E-­‐08	  
526.8	   4.477E-­‐08	  
527.2	   3.776E-­‐08	  
527.6	   2.897E-­‐08	  
528	   4.950E-­‐08	  
528.4	   4.945E-­‐08	  
528.8	   4.621E-­‐08	  
529.2	   1.700E-­‐08	  
529.6	   3.377E-­‐08	  
530	   6.489E-­‐08	  
530.4	   4.477E-­‐08	  
530.8	   5.014E-­‐08	  
531.2	   1.200E-­‐08	  
531.6	   3.840E-­‐08	  
532	   4.020E-­‐08	  
532.4	   2.431E-­‐08	  
532.8	   3.723E-­‐08	  
533.2	   1.363E-­‐08	  
533.6	   6.272E-­‐08	  
534	   3.522E-­‐08	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534.4	   2.160E-­‐08	  
534.8	   4.934E-­‐08	  
535.2	   3.306E-­‐08	  
535.6	   2.317E-­‐08	  
536	   1.867E-­‐08	  
536.4	   3.116E-­‐08	  
536.8	   3.392E-­‐08	  
537.2	   2.698E-­‐08	  
537.6	   2.039E-­‐08	  
538	   3.073E-­‐08	  
538.4	   5.129E-­‐08	  
538.8	   4.578E-­‐08	  
539.2	   4.087E-­‐08	  
539.6	   2.142E-­‐08	  
540	   7.142E-­‐08	  
540.4	   3.439E-­‐08	  
540.8	   3.788E-­‐08	  
541.2	   3.439E-­‐08	  
541.6	   4.587E-­‐08	  
542	   3.849E-­‐08	  
542.4	   2.065E-­‐08	  
542.8	   3.586E-­‐08	  
543.2	   8.058E-­‐08	  
543.6	   1.558E-­‐07	  
544	   9.055E-­‐08	  
544.4	   9.706E-­‐08	  
544.8	   8.759E-­‐08	  
545.2	   1.019E-­‐07	  
545.6	   2.456E-­‐08	  
546	   4.595E-­‐08	  
546.4	   2.857E-­‐08	  
546.8	   2.605E-­‐08	  
547.2	   2.407E-­‐08	  
547.6	   3.568E-­‐08	  
548	   4.680E-­‐08	  
548.4	   8.399E-­‐08	  
548.8	   3.290E-­‐08	  
549.2	   3.572E-­‐08	  
549.6	   4.680E-­‐08	  
550	   7.237E-­‐08	  
550.4	   3.344E-­‐08	  
550.8	   1.834E-­‐08	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551.2	   5.238E-­‐08	  
551.6	   1.903E-­‐08	  
552	   3.070E-­‐08	  
552.4	   4.741E-­‐08	  
552.8	   1.916E-­‐08	  
553.2	   1.438E-­‐08	  
553.6	   5.134E-­‐08	  
554	   6.339E-­‐08	  
554.4	   4.874E-­‐08	  
554.8	   1.582E-­‐08	  
555.2	   3.124E-­‐08	  
555.6	   1.835E-­‐08	  
556	   1.326E-­‐08	  
556.4	   2.607E-­‐08	  
556.8	   4.532E-­‐08	  
557.2	   6.078E-­‐08	  
557.6	   3.470E-­‐08	  
558	   3.814E-­‐08	  
558.4	   4.796E-­‐08	  
558.8	   4.024E-­‐08	  
559.2	   3.446E-­‐08	  
559.6	   1.504E-­‐08	  
560	   2.550E-­‐08	  
560.4	   3.090E-­‐08	  
560.8	   2.572E-­‐08	  
561.2	   4.866E-­‐08	  
561.6	   2.137E-­‐08	  
562	   1.247E-­‐08	  
562.4	   6.483E-­‐09	  
562.8	   1.682E-­‐08	  
563.2	   3.064E-­‐08	  
563.6	   1.754E-­‐08	  
564	   5.511E-­‐08	  
564.4	   3.011E-­‐08	  
564.8	   3.909E-­‐08	  
565.2	   5.938E-­‐08	  
565.6	   4.454E-­‐08	  
566	   4.152E-­‐08	  
566.4	   6.082E-­‐08	  
566.8	   1.047E-­‐08	  
567.2	   6.614E-­‐08	  
567.6	   2.839E-­‐08	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568	   3.985E-­‐08	  
568.4	   5.640E-­‐08	  
568.8	   2.580E-­‐08	  
569.2	   4.786E-­‐08	  
569.6	   6.624E-­‐08	  
570	   1.848E-­‐08	  
570.4	   1.481E-­‐08	  
570.8	   1.745E-­‐08	  
571.2	   6.705E-­‐08	  
571.6	   6.160E-­‐08	  
572	   7.530E-­‐08	  
572.4	   4.847E-­‐08	  
572.8	   2.104E-­‐08	  
573.2	   7.119E-­‐08	  
573.6	   5.712E-­‐08	  
574	   7.443E-­‐08	  
574.4	   6.954E-­‐08	  
574.8	   1.872E-­‐08	  
575.2	   2.646E-­‐08	  
575.6	   5.609E-­‐08	  
576	   2.861E-­‐08	  
576.4	   4.898E-­‐08	  
576.8	   4.686E-­‐08	  
577.2	   8.265E-­‐08	  
577.6	   3.628E-­‐08	  
578	   3.283E-­‐08	  
578.4	   4.095E-­‐08	  
578.8	   8.499E-­‐08	  
579.2	   8.121E-­‐08	  
579.6	   6.803E-­‐08	  
580	   8.407E-­‐08	  
580.4	   3.099E-­‐08	  
580.8	   6.333E-­‐08	  
581.2	   6.475E-­‐08	  
581.6	   5.584E-­‐08	  
582	   4.773E-­‐08	  
582.4	   5.611E-­‐08	  
582.8	   7.329E-­‐08	  
583.2	   6.995E-­‐08	  
583.6	   5.870E-­‐08	  
584	   2.487E-­‐08	  
584.4	   2.318E-­‐08	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584.8	   9.128E-­‐08	  
585.2	   7.242E-­‐08	  
585.6	   8.911E-­‐08	  
586	   8.368E-­‐08	  
586.4	   7.447E-­‐08	  
586.8	   2.132E-­‐08	  
587.2	   5.871E-­‐08	  
587.6	   7.605E-­‐08	  
588	   8.090E-­‐08	  
588.4	   6.159E-­‐08	  
588.8	   5.921E-­‐08	  
589.2	   6.849E-­‐08	  
589.6	   8.974E-­‐08	  
590	   4.755E-­‐08	  
590.4	   4.677E-­‐08	  
590.8	   5.194E-­‐08	  
591.2	   5.286E-­‐08	  
591.6	   2.997E-­‐08	  
592	   7.922E-­‐08	  
592.4	   4.241E-­‐08	  
592.8	   4.241E-­‐08	  
593.2	   7.976E-­‐08	  
593.6	   6.196E-­‐08	  
594	   NaN	  
594.4	   7.515E-­‐08	  
594.8	   5.328E-­‐08	  
595.2	   NaN	  
595.6	   9.181E-­‐08	  
596	   7.702E-­‐08	  
596.4	   8.661E-­‐08	  
596.8	   7.384E-­‐08	  
597.2	   7.200E-­‐08	  
597.6	   NaN	  
598	   NaN	  
598.4	   4.491E-­‐08	  
598.8	   5.654E-­‐08	  
599.2	   4.729E-­‐08	  
599.6	   1.087E-­‐07	  
600	   6.105E-­‐08	  
;)
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Education 
  
PhD (May 2015), Earth and Environmental Sciences, Lehigh University  
 Dissertation Title: “Chronostratigraphic Applications of Paleomagnetism and 
Rock Magnetic Cyclostratigraphy: Case Studies from the Ediacaran and 
Devonian Periods.” 
  
Bachelor of Arts, 2009: Occidental College, Major in English, Minor in Geology 
 
Professional Experience 
2014    Geoscience Intern: Chevron Energy Technology Company, Houston TX 
 Supervisor: Matt Laroche, Structure Seal & Trap R&D team 
 Project: “A workflow for evaluating plate models”  
 
2013 to Pres: Research Assistant: Lehigh University, Bethlehem PA  
 Supervisor: Kenneth P. Kodama, Department of Earth and Environmental Science 
 Projects: Magnetostratigraphy, Rock Magnetic Cyclostratigraphy, Potential Field 
Geophysics 
 
2012 to 2013: Print and Photo Journalist, “The Press”, Lehigh Valley PA 
 Supervisor: Debbie Galbraith 
 Projects: Print and photo coverage of Lehigh Valley County Government  
 
2011 to 2013: Teaching Assistant: Lehigh University, Bethlehem PA  
 Supervisors: Peter Zeitler and Benjamin Felzer for Earth System Science, Frank 
Pazzaglia for Surficial Processes (Sed/Strat) and Field Camp 
 
2009 to 2011: Administrative and IT Assistant: Dickson Podley Realtors, Pasadena CA 
 Supervisor: Chris Dickson 
 Projects: Transaction support and IT infrastructure maintenance and improvement 
 
2008 to 2011: Print Journalist and Photographer: The Outlook Newspaper, Pasadena CA 
 Supervisor: Charlie Plowman 
 Projects: Print and photo coverage of community events 
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2007 to 2008: Multimedia Intern: The Los Angeles Times, Los Angeles CA 
 Supervisor: Barbara Morrow 
 Projects: “Throttle Jockey” and other news media designed for the web   
 
Volunteer/Service Experience 
2012-2014: Graduate student rep to EES faculty, Dean of the college, Lehigh University, 
Bethlehem PA 
2012-2014: Solid Earth Discussion Group Coordinator, Lehigh University, Bethlehem 
PA 
2010: Invasive Species Removal: National Forest Service, Angeles National Forest CA  
2009: Volunteer Docent: Mt. Wilson Observatory, Angeles National Forest CA  
2007 to 2008: Dean of the College Student Advisory Council: Occidental College, Los 
Angeles CA  
2007 to 2008: ESL Tutor: Occidental College, Los Angeles CA    
   
 
Significant Field Experience 
2013: Magnetostratigraphy and Magnetic cyclostratigraphy of the Wonoka FM, Flinders 
Ranges South Australia    
 Experiment design, data acquisition, and analysis (Lehigh University) 
2013: Coring of permafrost peatlands, Northern Canada      
 Data acquisition (Lehigh University and University of Hawaii) 
2012: Magnetostratigraphy and Magnetic cyclostratigraphy of the Johnnie FM,  
 Winters Pass Hills Death Valley CA    
 Experiment design, data acquisition, and analysis (Lehigh University) 
2009 to 2010: Magnetic Reversal Stratigraphy of the Sheep Creek Range Lava Flows, 
NV Data Acquisition (Occidental College and United States Geological Survey) 
 
Short Courses 
2014: Exxon Mobil Guadalupe Mountain Field Course 
2013: Sequence Stratigraphy, GSA Fall Meeting 
2013: ESRI Learning ArcGIS Desktop + supplementary modules, Online Course 
2012: Mars for Earthlings (A course in teaching Planetary Science), GSA Fall Meeting 
 
Grants and Awards: 
2012: GSA, Geophysics Student Research Award       
2012: GSA, Graduate Student Research Grant  
2011: Lehigh University, Palmer Research Grant       
2011: Lehigh University, Kravis Fellowship       
2005: Occidental College, Achievement Award       
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